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edit Q rial 


The March towards manufacture of tailor made 
two dimensional crystals 


he Saga of single crystals to crystals of two dimensions is a very 
exciting one, The facilities for growing a single crystal were available 
only in a few top laboratories, For spectroscopy studies, these crystals 
have to grown in their own laboratories. Our laboratories in India were 
making their own crystals. 
The race for making thin crystals culminated in the discovery of 
graphene. This is a two dimensional sheet of carbon atoms. For the 
semiconductors, the band width is an important property. This is 
essential for making computer chips and solar cells. 
Research scientists at Massachusetts Institute of Technology and 
Harward University have discovered a two dimensional material similar 
to grapheme with a band width that is manageable. 
The new material is a combination of nickel and an organic compound 
called HITP also has the advantage of self-assembly. Its constituents 
naturally adjust-themselves. This could make manufacturing simple. By 
adjusting relative amounts of the materials, desired properties of band 
widths could be obtained. 
The new compound has the same structure as graphene that is to say a 
perfectly hexagonal honey comb structure. For our future scientists, the 
field of conductors, semi-conductors and insulators are still fertile. 
The conductivity of non-conductors still remains a hot topic for 
research. 


Anil Ahlawat 
Editor 
Subscribe online at www.mtg.in 
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Cracking the 


3 JEE Main CODE 


Kishalay Raj 


JEE Main 2014 Topper Interview : 
How Kishalay Raj 
scored 350 out of 360? 


In this interview, Kishalay says his focus has been JEE Advanced 2014 since 
the very early stages of JEE preparations and as a result he did not find JEE 
Main 2014 paper any difficult. His father Rajesh Srivastava who works with 
Tata Steel in Jamshedpur (Jharkhand) and mother Kshama Srivastava who is a 
homemaker, say that his son has been self-disciplined in his studies and they 
did never need to guide him on his routine study schedules, 


Congratulations — Kishalay for 
scoring 2" highest in JEE Main 
2014. 

Thank you! 


What is your overall and subject 
wise score in JEE Main 2014? What 
was your class X marks? 

My overall score is 350. | scored 120 
marks in Mathematics and 115 in each 
Physics and Chemistry in JEE Main 2014. 
| had around 98% in my class X from 
ICSE board. 


How did you prepare for JEE Main 
2014? 

| did not specifically prepare for JEE 
Main 2014. Since the beginning of 
my preparation, | was focused on JEE 
Advanced only. This is because syllabus. 
for JEE Main is same as JEE Advanced. 
By covering all the topics under three 
subjects for JEE Advanced, | automatically 
covered the entire JEE Main syllabus. 


Do you mean that preparation for 
JEE Advanced since the very early 
stages of your preparation made 
you score high in JEE Main as well? 
Yes. It definitely did. | was confident that 
JEE Advanced preparation will get me. 
through JEE Main automatically. Still, | 
was expecting around 320-330, but did 


not expect this high score. 


How much time did you devote 
to your studies during JEE 
preparations? 

| used to study about 8-9 hours a day 
during my JEE preparation phase. | would 
go for regular classes in Prerna Institute 
in Jamshedpur for 3-4 hours and rest of 
the time | regularly spent on self study at 
my home. | avoided skipping any topic 
under JEE and my Class XII syllabus, The 
consistency in my preparation boosted 
my confidence for the paper. 


How did youdivide your preparation 
schedule among the three subjects 
of JEE Main? What are your strong 
and weak areas? 

I divided my time equally among the three 
subjects. Though Physics is my strongest 
subject, but | put equal emphasis on all 
the three. My strong area is my ability to 
approach quantitative part of all subjects 
like Mechanics portion in Physics. But, | 
find qualitative analysis in Chemistry a 
bit difficult. 


Besides studies, what do you do? 
Do you like sports? 

| play computer games whenever | get 
free time. | like scoring highest in each 
of my new game! In outdoor games, 


Concerned about your 
performance in Class XII 
Boards? 


Excel. 


PHYSICS, 


720 pages 


Well, fear no more, help is at hand..... 

To excel, studying in right direction is more important than studying hard. Which is why we created the Excel 
Series. These books - for Physics, Chemistry, Biology & Mathematics - have been put together totally 
keeping in mind the prescribed syllabus and the pattern of CBSE's Board examinations, so that students. 
prepare and practice with just the right study material to excel in board exams. 

Did you know nearly all questions in CBSE's 2014 Board Examination were a part of our Excel books? 


That too fully solved ?! 


HIGHLIGHTS. 


mprehensive 


Yeory 


omplemented with illustrat 


NCERT questions 


MEG | pvaiabieatal leading book shops throughout the country. 
229 For more information or for help in placing your order: 
Call 0124-4951200 or email: info@mtg.in 
*Application to read QR codes required 


| prefer football. Sometimes, | watch 
Hollywood movies also. 


Which is your favourite Hollywood 
movie? Which movie did you watch 
last time? 

My favourite movie is ‘Inception’. | 
watched ‘Iron Man’ about two months 
back. 


Once you crack JEE Advanced, 
which Engineering branch would 
you like to opt for? 

| would like to go for Computer Science 
Engineering in IIT Bombay. 


Why do you want to study Computer 
Science Engineering? 

| like playing with computers. Also, my 
ideal Sachin Bansal and Binny Bansal 
who founded Flipkart and made it the 
biggest online shopping platform, are 
Computer Science Engineers. | want 
to follow their footsteps and establish 
my own venture after | complete my 
Engineering from IIT. 


All the best for your JEE Advanced 
and dream branch in IIT! 
Thank you. 


Courtesy : careers360.com 


Over 26,000 students who 
qualified for IIT examination 
give it a miss 


espite the hype over IITs, more 
Di 26,000 students who were 
shortlisted for the JEE (advanced) 
this year, have not registered for the 
exam for admission to the 16 IITs, 
registrations. 
According to sources, of the top 
1,53,981 students who had been 
selected from the JEE (main), 
1,26,990 have registered for the 
JEE(advanced) exam held on 
May 25. Around the same number 
of students had not registered for 
the exam last year as well. 
"There are many students who do 
not want to be away from their 
home and parents. There are some 
states which are no more conducting 
their own engineering exam. In 
such a case, the child prefers to take 
admission in a state engineering 


college on the basis of his rank 
in JEE(main)," said HC Gupta, JEE 
(advanced) 2013 chairperson. 

Eight students from Nepal and 
Bhutan had also qualified for the 
exam this year, Itis not sure whether 
they have registered or not. 
Students from Andhra Pradesh, UP 
and Rajasthan accounted for nearly 
38% of those who have qualified 
for JEE(advanced). More than 
12 lakh students had appeared for 
JEE(main). 

Those who could not make it to 
JEE(advanced) will seek admission 
to NITs and other centrally funded 
institutes according to their final 
score, which will be known on 
July 7 after all the board results are 
out. 


International 


French govt. offers 300 
scholarships to Indians each 
year. Monthly stipends over 


and in public institutions, the 


accommodation, visa fee waiver; 


entire tuition fee is waived. Even 
private institutions are subsidized. 
Exchange students are also entitled 
to scholarships such as Charpak. 
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Over 800 programmes are in English, and the faculty's 


University students 

are entitled to Caisses 
d'Allocations 
Familiales or CAF — 
money allocated to 
students by the French 
govt. for accommodation 


Growing number of Indian students now heading to France 


Internships take students to 
other European countries and 
travel is generally cheap. 


Students are allowed to stay 
on and work for a year after 
completing the programme but 
work permits are hard to come 
by 


Those who have done Master's and PhD courses get 5 yr 


multiple entry visas 


How to select the correct 
answer faster? 


2400 


raso 510 pages 


532 pages 


The answer is practice 


Our team has seen that in NEET, AIPMT, AIIMS and other PMTs, Multiple Choice Questions (MCQs) are based on the NCERT 
syllabus. Largely! With Objective NCERT at your FINGERTIPS, you can become a pro at handling MCQs. Practice to increase 
you 


curacy and improve timing with a bank of over 10,000 questions, all framed from NCERT course books. Don’t take 
our word, have a look what some of our readers have to say. 


Akshay Sharma says 
Une it to. your NCERT concey 
questions is very good and diagram 


ceryatal clear Very efficient for CBSE medical entrance exam, Level of 
are the icing on the coke. Go for it. 


Arpi Ty 
The book is awesome! It constitutes of almost all excellent questions which can be extracted out of NCERT 
books. But apart from all this friends, this book already had xome questions from NCERT which were later 
asked in 2013 AMU-PMT, NEET 2013 and AIMS. I gave all these exams and scored awesome in Bio. o if. 
you want to master NCERT which ix MOST ESSENTIAL FOR AIPMT. then go for this hook * 


Suyurdeep Biswas says 
"I bought the book 1 month prior to NEET 2013 and it helped me a lot 10 secure a seat in Medical College 
Kothata!? 


Available at all leading book shops throughout the country. 
For more information or for help in placing your order, call 0124-4951200 or email: info@mtg.in 


MUSING 


ysics Musing was started in August 2013 issue of Physics For You with the suggestion of Shri Mahabir Singh. The aim of 
Physics Musing is to augment the chances of bright students preparing for JEE (Main and Advanced) / AIIMS / Other PMTs 

with additional study material. 

In every issue of Physics For You, 10 challenging problems are proposed in various topics of JEE (Main and Advanced) / various 

PMTs. The detailed solutions of these problems will be published in next issue of Physics For You. 

The readers who have solved five or more problems may send their solutions. The names of those who send atleast five correct 

solutions will be published in the next issue. 

We hope that our readers will enrich their problem solving skills through "Physics Musing" and stand in better stead while facing 

the competitive exams. 


By : AKhil Tewari 


ROBLE 
ii Set 11 M ] 


1. An ideal gas is expanded so that amount of heat 


-l 
given is equal to the decrease in internal energy. (a) 0.01 kg s 


‘The adiabatic exponent if the gas undergoes the (b) 0.02 kg s! 
process T V!5 = constant, is 4 
(a) 7/5 (b) 6/5 (c) 0.03 kg s 

(c) 8/5 (d) none of these (d) 0.04 kg s! 

2. Three travelling waves in same direction are | 4. Onemoleofanideal monoatomic gas undergoes 
superimposed. The equations of wave are the process AB as shown in the T-V indicator 
317 Aosin(kx- at), y» = 3V2Ag sin(kx — Or $) diagram. If volume of the system changes from 
and y3 = 4Ao cos(kx - wt). If 0 € à € 7/2 and the Vo to 2Vo, then the amount of heat transferred 
phase difference between resultant wave and to the system is 
first wave is 1/4, then $ is T 

n 
Q) = ©) = 

6 3 

n bes 
(c) T (d) none of these Tj 

3. A resistance coil, connected to an external Yo 2% V 
battery, is placed inside the thermally insulating " 5RVp Flin (b) 3RVy NUTS 
smooth piston and containing an ideal 2 " 2 a 
monoatomic gas. A current is passed through 

5RaV, 3ROV, 
the coil such that it is generating heat at the (c) T HRD n2 (d) 9 4 RT, In2 


rate 30 J s^! inside the cylinder. Volume of the 
chamber of the cylinder is 5 m? and area of 
the piston is 0.1 m?, The mass rate of dropping 
sand on the piston such that the piston always 
remains stationary will be (Assume that the sand 
is dropped very swiftly. (Take g = 10 m s?) 


5. A square frame of side a and a long straight 
wire carrying a current I are located in the same 
plane. The frame is rotated through an angle of 
90° about side PQ. The amount of charge flown 
through the frame, if resistance of the frame is 
R, is 
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Presenting 
India’s No. 1 PMT Guides 


z650 
758 pages 


MTG's Complete AIPMT Guides are India's best selling PMT books. Rich in theoretical knowledge with a vast 
question bank comprising a wide variety of problems and exercises, these guidebooks ensure students are 
ready to compete in the toughest of medical entrance tests, both at national and state levels. 100% NCERT 
based, the guidebooks have been updated to match the syllabus and the exam pattern of all major medical 
entrance exams. No wonder these guidebooks emerged as bestsellers in a short period of time. 


www.mtg.in 
for latest offer 


buy 


Available at all leading book shops throughout the country. 
For more information or for help in placing your order 


e Call 0124-4951200 or email info@mtg.in VM 
eec "Application to read QR codes required 


(a) polalny/2 TL s 
2nR I a 
(b) Boleln2 | k 
TR — 
© 2uglalnv2 (d) polaln(1/2) 
TR TR 


A force P=(-yi+x)) N acts on a particle as 
it moves in anticlockwise circular motion in x-y 
plane. The centre of the circle is at the origin. 
If the work done by the force is 327 J in one 
complete revolution then assuming x, y to be in 
meters, the radius of the path is 

(a) 2m (b) 4m 

(c) 8m (d) 16m 


‘The period of oscillation of a simple pendulum 
is r-a fk. L is about 10 cm and is known 
8 


to 1 mm accuracy. The period of oscillation 
is about 0.5 s. The time of 100 oscillation is 
measured with a wrist watch of 1 s resolution. 
The percentage error in the determination of g 


will be 


PHYSICS 


buy online at www.mtg.in 


10. 


2013, 2012, 2011, 2010, 2009, 2008 
Biology Today 


2013, 2011, 2010, 2009, 2008, 
2007, 2006, 2005 


(a) 296 (b) 596 
(c) 696 (d) 896 


Two beams of light having intensities J and 4I 
interfere to producea fringe pattern on a screen. 
The phase difference between the beams is 1/2 
at point A and 7t at point B. Then the difference 
between resultant intensities at A and B is 

(a) 2I (b) 4I 

(c) 5I (d) 7I 

A lens has a power of +5 D in air. What will be 
its power if it is completely immersed in water ? 


" 3 4 
Given | Given p, = y Hy = 3 


Q3 (b) 


() > (d) 


w 
Io niw 


In a Young's double slit experiment, 12 fringes 
are observed to be formed in a certain segment 
of the screen when light of wavelength 600 nm 
is used. If the wavelength of light is changed 
to 400 nm, number of fringes observed in the 
same segment of the screen is given by 
(a) 12 (b) 18 
(c) 24 (d) 30 

mm 
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SOLVED PAPER 2 14 


If force (F), velocity (V) and time (T) are taken 
as fundamental units, then the dimensions of 
mass are 

(a) [FVT"] (b) [FVT?] 

(c) [FVT] (d) [FVT] 

A projectile is fired from the surface of the 
earth with a velocity of 5 m s^! and angle 0 with 
the horizontal. Another projectile fired from 
another planet with a velocity of 3 m s^! at the 
sameanglefollowsa trajectory which is identical 
with the trajectory of the projectile fired from 
the earth. The value of the acceleration due to 
gravity on the planet is (in m s?) is 

(Given g = 9.8 m s?) 
(a) 35 (b) 5.9 
A particle is moving such that its position 
coordinates (x, y) are 

(2 m, 3 m) at time t= 0, 

(6 m, 7 m) at time t 2 2s and 

(13 m, 14 m) at time t= 5 s. 

Average velocity vector (V,,) from t = 0 to 
t=Ssis 


(c) 16.3 (d) 110.8 


(a) zasta) (b) Idée) 


@ de) 


a’ 
() 20) 
A system consists of 
three masses mj, m»; 
and m3 connected by 
à string passing over a 
pulley P. The mass m; 
hangs freely and m; 

and m; are on a rough 

horizontal table (the coefficient of friction 
= u). The pulley is frictionless and of negligible 


P m, m, 


m 
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mass. The downward acceleration of mass m, is 
(Assume m, = m = ms = m) 


(a) gom (b) Es 
gü-20) g-29) 
o er Q7 


The force F acting on a particle of mass m is 
indicated by the force-time graph shown below. 
The change in momentum of the particle over 
the time interval from zero to 8 s is 


E 


e£? GU 
men 
t(s)—> 
(a) 24Ns (b) 20Ns 
(c) 12Ns (d) 6Ns 


A balloon with mass m is descending down 
with an acceleration a (where a « g). How much 
mass should be removed from it so that it starts 
moving up with an acceleration a? 


2 
(a) ma (b) 2ma 
gta gma 
(7 (a) E 
gta g-a 


A body of mass (4m) is lying in x-y plane at rest. 
It suddenly explodes into three pieces. Two 
pieces, each of mass (m) move perpendicular 
to each other with equal speeds (v). The total 
kinetic energy generated due to explosion is 


(a) mv? (b) ine) 


(c) 2m? (b) 4m? 


8. 


1M. 


‘The oscillation ofa body on a smooth horizontal 
surface is represented by the equation, 
X- A cos(oft) 
where X = displacement at time t 
= frequency of oscillation 
Which one of the following graphs shows 
correctly the variation a with £? 


© o T > 
1 
(o T oc 


Here a = acceleration at time t 

T - time period 
A solid cylinder of mass 50 kg and radius 
0.5 m is free to rotate about the horizontal axis. 
A massless string is wound round the cylinder 
with one end attached to it and other hanging 
freely. Tension in the string required to produce 
an angular acceleration of 2 revolutions s^? is 
(a) 25N (b)50N (c) 78.5 N(d) 157 N 


. The ratio of the accelerations for a solid sphere 


(mass m and radius R) rolling down an incline 
of angle 0 without slipping and slipping down 
the incline without rolling is 

(a) 5:7 (b)2:3 (92:5 (d) 7:5 


A black hole is an object whose gravitational 
field is so strong that even light cannot escape 
from it. To what approximate radius would earth 
(mass = 5.98 x 104 kg) have to be compressed 
to be a black hole? 
(a) 10? m 

(c) 102m 


(b) 10-5 m 
(d) 100 m 


12. 


13, 


14. 


15. 


16. 


17. 


Dependence of intensity of gravitational field 
(E) of earth with distance (r) from centre of 
earth is correctly represented by 


Du Ef 
(a) ol =, (b) o 
Du Du 
() o (d) o 


Copper of fixed volume V is drawn into wire 
of length /. When this wire is subjected to a 
constant force F, the extension produced in the 
wire is Al. Which of the following graphs is a. 
straight line? 

(a) Al versus 1/1 (b) Al versus Ê 

(c) Al versus 1/P (d) Al versus l 


A certain number of spherical drops of a liquid 
of radius r coalesce to form a single drop 
of radius R and volume V. If T is the surface 
tension ofthe liquid, then 


(a) energy = avr} -1) is released. 
r 


(b) energy = wvi(! ++) is absorbed. 


(c) energy = »vi(! - i) is released. 
r 


(d) energy is neither released nor absorbed. 


Steam at 100°C is passed into 20 g of water at 
10°C. When water acquires a temperature of 
80°C, the mass of water present will be 

[Take specific heat of water = 1 cal g^! *C^! and 
latent heat of steam = 540 cal g`?) 

(a 24g (b) 31.5g (c) 42.5 g (d) 225g 
Certain quantity of water cools from 70°C 
to 60°C in the first 5 minutes and to 54°C in 
the next 5 minutes. The temperature of the 
surroundings is 

(a) 45°C (b) 20°C (c) 42°C (d) 10°C 

A monoatomic gas at a pressure P, having a 
volume V expands isothermally to a volume 
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20. 


21. 


22. 


14 


2V and then adiabatically to a volume 16V. The 
final pressure of the gas is (Take y = 5/3) 
(a) 64P (b) 32P (c) P/64 (d) 16P 


. A thermodynamic system undergoes cyclic 


process ABCDA as shown in figure. The work 
done by the system in the cycle is 


i 

3n re 
2n i 
hp- ip 


2% v» 


(a) PoVo (b) 2PoVo (c) Ms (d) zero 


. The mean free path of molecules of a gas, 


(radius r) is inversely proportional to 

Or Orr (Qr qw 

If n;, n; and n; are the fundamental frequencies 
ofthree segments into which a string is divided, 
then the original fundamental frequency n of 
the string is given by 


Macaw 
(d) n2 ny +m +n 

The number of possible natural oscillations of 
air column in a pipe closed at one end of length 
85 cm whose frequencies lie below 1250 Hz are 
(Velocity of sound = 340 m s^!) 

(a) 4 (b) 5 (c) 7 (d) 6 


A speeding motorcyclist sees traffic jam ahead 
him. He slows down to 36 km hour-!. He finds 
that traffic has eased and a car moving ahead of 
him at 18 km hour"! is honking at a frequency 
of 1392 Hz. If the speed of sound is 343 m s^! 
the frequency of the honk as heard by him will 
be 

(a) 1332 Hz 
(c) 1412 Hz 


(b) 1372 Hz 
(d) 1454 Hz 


PHYSICS FOR YOU | JUNE'14 


23. 


24. 


25. 


Two thin dielectric slabs of dielectric constants 
K; and K; (K; < K3) are inserted between plates 
of a parallel plate capacitor, as shown in the 
figure. The variation of electric field E between 
the plates with distance d as measured from 
plate P is correctly shown by 


Py+ Q 


teed 


d> 


. A conducting sphere of radius R is given a 


charge Q. The electric potential and the electric 
field at the centre of the sphere respectively are 


(a) zero and 


Q 
4n£gR 
Q and Q 
ATER  4negR? 


Ame R? 


and zero 


(b) 


(c) 
(d) both are zero 


In a region, the potential is represented by 
V(x, y, Z) = 6x - 8xy - 8y + 6yz, where V is in 
volts and x, y, z are in metres. The electric force 
experienced by a charge of 2 coulomb situated 
at point (1, 1, 1) is 


26. 


27. 


28. 


29. 


(a) 6/5 N (b) 30N 

(c) 24N (d) 4/35 N 

Two cities are 150 km apart. Electric power 
is sent from one city to another city through 
copper wires. The fall of potential per km is 
8 volt and the average resistance per km is 
0.5 Q. The power loss in the wire is 


(a) 19.2 W (b) 19.2 kW 

(c) 192] (d) 12.2 kW 

The resistances in the E—Á 
two arms of the meter ^ 

bridge are 5 Q and R Q 2 na 
respectively. When 

the resistance R is 

shunted with an equal A j^ 100-1, B 


resistance, the new 
balance point is at 1.61). The resistance R is 
(a) 10Q (b) 15Q (c) 20Q (d)25Q 


A potentiometer circuit has been set up for 
finding the internal resistance of a given cell. 
The main battery, used across the potentiometer 
wire, hasan emfof 2.0 V anda negligible internal 
resistance. The potentiometer wire itself is 4 m 
long. When the resistance R, connected across 
the given cell, has values of 

(i) infinity (ii) 9.5 Q 

the balancing lengths on the potentiometer wire 
are found to be 3 m and 2.85 m, respectively. 
The value of internal resistance of the cell is 

(a) 0.25 Q (b) 0.95 Q (c) 0.5 Q (d) 0.75 Q 
Following figures show the arrangement of 
bar magnets in different configurations. Each 
magnet has magnetic dipole moment P, 
Which configuration has highest net magnetic 
dipole moment? 


N 
N s5 
1 2) S 
QE eE 
(4) 60" 
N 
(c) 6) (d) (4) 


30. 


31. 


32. 


33. 


34. 


In an ammeter 0.296 of main current passes 
through the galvanometer. If resistance of 
galvanometer is G, the resistance of ammeter 
will be 


LI. 499 
(a) 499 (b) 500 

1 500 
(9 599° (d) 459 


Two identical long conducting wires AOB and 
COD are placed at right angle to each other, with 
one above other such that O is their common 
point for the two. The wires carry J} and I» 
currents, respectively. Point Pis lyingat distance 
d from O along a direction perpendicular to the 
plane containing the wires. The magnetic field 
at the point P will be 


Ho (hi. 
2nd| I, 


Mo (2 72 
Lm -I 
ond i 2) 


Mo 


e 2nd 


(b) (+h) 


© (@) pou em 

A thin semicircular 

conducting ring (PQR) " * * ,* 

of radius r is falling with * 

its plane vertical in a aa 

horizontal magnetic field "P * ^* Rx 

B, as shown in the figure. 

The potential difference developed across the 

ring when its speed is v, is 

(a) zero 
Bynr? 

(b) 2 

(c) mrBv and R is at higher potential 

(d) 2rBv and R is at higher potential 


and P is at higher potential 


A transformer having efficiency of 9096 is 
working on 200 V and 3 kW power supply. If the 
current in the secondary coil is 6 A, the voltage 
across the secondary coil and the current in the 
primary coil respectively are 

(a) 300V,15A (b) 450V, 15A 

(c) 450 V, 13.5 A (d) 600 V, 15 A 


Light with an energy flux of 25 x 10* W m? 
falls on a perfectly reflecting surface at normal 
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35. 


36. 


37. 


38. 


39. 


incidence. If the surface area is 15 cm?, the 
average force exerted on the surface is 

(a) 1.25 x 10-6 N (b) 2.50 x 10-6 N 

(c) 1.20 x 10% N (d) 3.0 x 10% N 

A beam of light of À = 600 nm from a distant 
source falls on a single slit 1 mm wide and the 
resulting diffraction pattern is observed on a 
screen 2 m away. The distance between first 
dark fringes on either side of the central bright 


fringe is 
(a) 1.2cm (b) 1.2 mm 
(c) 2.4 cm (d) 2.4 mm 


In the Youngs double slit experiment, the 

intensity of light at a point on the screen 

where the path difference À is K, (A being the 

wavelength of light used). The intensity at a 

point where the path difference is 4/4 will be 

(a) K (b) K/4 (c) K/2 (d) zero 

If the focal length of objective lens is increased 

then magnifying power of 

(a) microscope will increase but that of 
telescope decrease. 


(b) microscope and telescope both will 
increase. 

(c) microscope and telescope both will 
decrease. 


(d) microscope will decrease but that of 
telescope will increase. 


The angle of a prism is A. One of its refracting 
surfaces is silvered. Light rays falling at an angle 
of incidence 2A on the first surface returns back 
through the same path after suffering reflection 
at the silvered surface. The refractive index p, 
of the prism is 


(a) 2sinA (b) 2cosA 


(c) Joos (d) tanA 

When the energy of the incident radiation is 
increased by 2096, the kinetic energy of the 
photoelectrons emitted from a metal surface 
increased from 0.5 eV to 0.8 eV. The work 
function of the metal is 

(a) 0.65 eV (b) 1.0 eV 

(c) 1.3 eV (d) 1.5 eV 
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40. 


Al. 


42. 


43. 


44. 


If the kinetic energy of the particle is increased 
to 16 times its previous value, the percentage 
change in the de Broglie wavelength of the 
particle is 

(a) 25 (b) 75 (c) 60 (d) 50 


Hydrogen atom in ground state is excited 
by a monochromatic radiation of À = 975 A. 
Number of spectral lines in the resulting 
spectrum emitted will be 
(a) 3 (b) 2 (c) 6 (d) 10 
The binding energy per nucleon of Shi and 
jHe nuclei are 5.60 MeV and 7.06 MeV 
respectively. In the nuclear reaction 

JLi+ IH > iHe + $He+Q 
the value of energy Q released is 
(a) 19.6 MeV (b) -2.4 MeV 
(c) 8.4 MeV (d) 17.3 MeV 


A radioisotope X with a half life 1.4 x 10? years 
decays to Y which is stable. A sample of the 
rock from a cave was found to contain X and Y 
in the ratio 1 : 7. The age of the rock is 

(a) 1.96 x 10° years (b) 3.92 x 10? years 

(c) 4.20 x I0? years (d) 8.40 x 10? years 


The given graph represents V-I characteristic 
for a semiconductor device. 


f 


y— 


Which of the following statement is correct? 

(a) It is V-I characteristic for solar cell where, 
point A represents open circuit voltage and 
point B short circuit current. 

(b) It is for a solar cell and points A and B 
represent open circuit voltage and current, 
respectively. 

(c) It is for a photodiode and points A and B 
represent open circuit voltage and current, 
respectively. 

(d) Itis for a LED and points A and B represent 
open circuit voltage and short circuit 
current, respectively. 


45. The barrier potential of a p-n junction depends 


on 

(1) type of semiconductor material 

(2) amount of doping 

(3) temperature 

Which one of the following is correct? 

(a) (1) and (2) only (b) (2) only 

(c) (2) and (3) only (d) (1), (2) and (3) 


SOLUTIONS 


(d) : Let mass m ec F° VPT“ 

or m= kFa yore wali) 
where k is a dimensionless constant and a, b 
and c are the exponents. 

Writing dimensions on both sides, we get 
IMI?T?] = [MLT-?]" [LT-!]^ [T]* 

[ML?T9] = [MeLe * bp-22 - b + c] 

Applying the principle of homogeneity of 
dimensions, we get 


From eqn. (i), [m] = [FV-' T] 

(a) : The equation of trajectory is 

E aa 

2u? cos? O 

where 0 is the angle of projection and u is the 
velocity with which projectile is projected. 

For equal trajectories for same angles of 


y=xtanO— 


projection, 
È = constant 
u 


. 98 
As per question, r = 34 
where g’ is acceleration due to gravity on the 
planet. 

, 98x9 
——325 
(d) : At time t = 0, the position vector of the 

particle is 

2 4 ^ 

5n =2i *3j 
At time t = 5 s, the position vector of the particle 
is 


-235ms? 


he, 
¥=131 +147 


Displacement from 7 to 7, is 


^ AN ba 
AF-P-8-03i414j)-QÍ +3)) 
^ uA 
=11 +11} 
Average velocity, 
aF ubenj 
Yow ar 50 
(c): 2 
pog om 
umg umg 


«LET, 
mgs 
Force of friction on mass m; = umog 
Force of friction on mass m3 = ymag 
Let a be common acceleration of the system. 
ga MS -Umg -umg 
m, +m, ms 


Here, mj = m; = m3 = m 
gu MERWE — ng  mp-2umg 
m+mt+m 3m 
80-20) 

3 

Hence, the downward acceleration of mass m; 

is $= 20) 

3 


Change in momentum = Area under F-t graph 
in that interval 
= Area of AABC - Area of rectangle CDEF 
+ Area of rectangle FGHI 


=F X2K6-3x244x3=12 Ns 
(a) : Let Fbe the upthrust of the air. As the balloon 
is descending down with an acceleration a, 


mg- F= ma EX 
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mg (m - mg 
Let mass mo be removed from the balloon so 
that it starts moving up with an acceleration a. 
Then, 

F-(m=-mpo)g = (m - mo)a 

F - mg + mog = ma - moa 
Adding eqn. (i) and eqn. (ii), we get 

mog = 2ma - moa 

mog + mga = 2ma 

mo(g + a) = 2ma 

2ma 


^» Gi) 


“ate 
(b: y 


To 


yi 


Let ¥’ be velocity of third piece of mass 2m. 
Initial momentum, f; = 0 (As the body is at rest) 


^ ^ 

Final momentum, fj =mvi +mvj+2mv’ 

According to law of conservation of momentum 
Pi = Pr 


et Ead 
= mv i+ mv j+2mii 


Total kinetic energy generated due to explosion 


Yom sd d di À 
-lmv^ e-mv +> s 
;n" tzmv 3 amv 


2 
1 1 1 
==mv? +=mv? +00m{ z] 


2 2 2 42 
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10. 


Ba 2 m? 3 2 
-mv ;^73"" 


(c): Here, X = Acoswt 


" dX d 
Velocity, v = Fe wae 4000 


=- A@sinwt 


dv_d 
Acceleration, a= — = — (-Aw sin wt 
a aal ; 


= -Aü cost 
Hence the variation of a with t is correctly 
shown by graph (c). 


(d) : ZEE 


Here, mass of the cylinder, M = 50 kg 
Radius of the cylinder, R = 0.5 m 
Angular acceleration, &t = 2 rev s? 
=2 x 2r rad s? = 4n rad s? 
Torque, t - TR 
Moment of inertia of the solid cylinder about 
its axis, [= jue 


Angular acceleration of the cylinder 
TR 


_ MRa 50x0.5x4n 
E RES ES 
(a) : Acceleration of the solid sphere slipping 
down the incline without rolling is 

slipping = gsind ww» (i) 
Acceleration of the solid sphere rolling down 
the incline without slipping is 


T 


=157N 


gsinO gsinO 
rolling = 2. 23 
BE ot 5 
R ? 
gà 
^^ For solid sphere, — 
5 A 
75gsin8 a (ii) 


1. 


12. 


14. 


. (b) : As V=Al 


Divide eqn. (ii) by eqn. (i), we get 
rolling _ 5 
7 


slipping 
(c): Light cannot escape from a black hole, 
Vec = C 


2G. 
or R= M 


c 


a 2X667x 107 N m?kg ? x 598x107 kg 


(3x108 m s? 
= 8.86 x 107° m = 10°? m 
(a) : For a point inside the earth i.e. r < R 
fa! 
R? 

where M and R be mass and radius of the earth 
respectively. 
At the centre, r = 0 

E=0 
For a point outside the earth i.e. r » R, 
p- 


r 


On the surface of the earth i.e. r = R, 


The variation of E with distance r from the 
centre is as shown in the figure. 


e) 
where A is the area of cross-section of the 
wire. 


P sW _ FI 
Young's modulus, Y - AUI) TAN 

Hom ifi 
A-yt^YyV (Using (i)) 
Al œ P 


Hence, the graph between Al and P is a straight 
line. 
(c): Let n droplets each of radius r coalesce to 
form a big drop of radius R. 

Volume of n droplets = Volume of big drop 


15. 


16. 


e) 

Volume of big drop, V = E we (ii) 
Initial surface area of n droplets, 

(Using (i)) 

(Using (ii)) 
Final surface area of big drop 

4 3 3V 

Ay =4mR? = E IH Tg (Using (ii)) 


Decrease in surface area 
3V 3V 1 1 
AA=A,-A, =——-——=3V| -> 
VW eR ( r R 
Energy released = Surface tension 
x Decrease in surface area 


(d) : Here, 
Specific heat of water, s, = 1 cal g^! °C! 
Latent heat of steam, L, = 540 cal g`! 
Heat lost by m g of steam at 100°C to change 
into water at 80°C is 
Qi = mL, + ms, AT, 

=m x 540 + m x 1 x (100 - 80) 

= 540m + 20m = 560m 
Heat gained by 20 g of water to change its 
temperature from 10°C to 80°C is 
Qz = my sy AT, = 20 x 1 x (80— 10) = 1400 
According to principle of calorimetry 

Qi-Q 

560m = 1400 or m=2.5¢ 
Total mass of water present 

= (20 + m) g = (20 + 2.5) g = 22.5 g 
(a) :Let T, be 
surroundings. 


the temperature of the 
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4 
Wa --A f ABCE =-= PWV, 
According to Newton’s law of cooling HOEN poii 2760 


T-T « HESA The net work done by the system is 
Al T. 
t Wnet 7 Wagpa + Waces 
For first 5 minutes, 1 1 
= 70°C, T; = 60°C, t = 5 minutes = +5 PoVo -5hVo =zero 
70-60 70+60 
me .«x[ z R 19. (b) : Mean free path, D 
10 vannd? 
== K(65 - Tj) e) where n is the number density and d is the 
diameter of the molecule. 
For next 5 minutes, Asd=2r 
= 60°C, T; = 54°C, t= 5 minutes "m abs E 
Ox (SH 7, 4V2nmr2 E 
= K(57 - T) NOMLIUU-——' ——- 
h h h 
Divide eqn. (i) by eqn. (ii), we get 
5 65-T, mal E à) 
= 1 = i 
3 57-7, 21 Ve 
285 - 5T, = 195 - 3T, iT 
27,290 or T,-45*C ic T (ii) 
17. (c): First, isothermal expansion 7 
PV-P'QV) 1 [T ET 
(For isothermal process, PV = constant) 57a AR E 
"E: ` 
Peg ijr ; 
Then, adiabatic expansion n= u (iv) 
P'(2V)! = P(16V)* From eqn. (iv), we get 
(For adiabatic process, PV! = constant) 1 2 
Zev =p, asv)" n 
P(2V 5/3 P(1 5/3 P(1 5/3 
ur) =3(3) -3(3) Asl=h +h +ls 


12 +h +h) 2h PEL LS 


bt 


1 
E E [Using (i), (ii) and (iii)] 
Hog m 


21.(d 22.(c) 23. (c) 24. (b) 25. (d) 
26. (b) 27.(b) 28. (c) 29. (c) 30. (c) 


18. (d) :In a cyclic 
process work done 
is equal to the area 
under the cycle and is 
positive if the cycle is 
clockwise and negative 


PM ; 31.(d) 32.(d) 33.(b 34. (b) 35.(d) 

if anticlockwise. 36.(c) 37.(d) 38.(b) 39. (b) 40. (b) 

As is clear from figure, 1 4l.(c) 42.(d)  43.(c) 44. (a) 45. (d) 

Warps =+ f AAED =+— PV, For detailed solutions please refer to ‘MTG AIPMT 
AEDA = tarea o *3 “ovo Explorer’. 
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5. 


* c ox 


Questions for Medical/ 


Engineering Entrance Exams 
Ray Optics and Wave Optics 


A person wants a real image of his own, 
3 times enlarged. Where should he stand before 
à concave mirror of radius of curvature 30 cm? 
(a) 10cm (b) 30 cm 
(c) 90 cm (d) 20 cm 


A metal plate is lying at the bottom of a tank 
full of a transparent liquid. Height of tank is 
100 cm but the plate appears to be at 45 cm 
above bottom. The refractive index of liquid is 
(a) 1.00 (b) 1.53 
(c) 1.81 (d) 1.32 


A ray of light when falls on a liquid A - air 

interface at angle 45°, it just gets total reflection. 

When a ray of light falls on liquid B - air 

interface at angle 30°, it does not emerge out. 

We can infer that 

(a) Ha > ug 

(c) Ha = ua 

A ray of light falls on a glass slab making an 

angle of 45° with normal. The emergent ray 

makes the same angle with normal. It shows 

that 

(a) there is no refraction taking place 

(b) incident ray is perpendicular to emergent 
ray 

(c) emergent ray is parallel to the incident ray 

(d) the given case is not possible. 


(b) Ha < ug 
(d) can't be inferred 


Figure shows two glass slabs placed one above 
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NCERT 


4 
* x/k 


tract 


the other in air. Refractive indices of glass slabs 
are ji and p; and that of air is u. A ray of light 
enters and follows a path as shown in figure. It 
can be concluded that 


(a) u =p = p3 (b) pi < H2 < Hs 

(c) ui >p = Hs (d) pi > p2 > Ma 

Two thin convex lenses of focal length 20 cm 
and 25 cm are placed at a finite distance apart. 
The power of the combination is 8 D. Distance 
between the lenses is 
(a) 5cm 

(c) 8cm 


(b) 10cm 

(d) 4cm 

When a ray of light falls on a prism of angle 
48°, it suffers minimum deviation. Refractive 
index of the material of prism is 1.6. The angle 
of incidence is nearly 

(a) 16° (b) 48* (c) 30° (d) 41° 
When white light passes through a prism, it 
splits into its constituent colours . Which colour 
suffers the maximum deviation? 

(a) Red (b) Violet 

(c) Green (d) Blue 


La 


12. 


14. 


A ray of light incident on a prism of angle 
60°, does not emerge out. Refractive index of 
material of prism may be 

(a) 1.50 (b) 2.30 

(c) 1.80 (d) 1.20 


. When light travels from a rarer to a denser 


medium, it loses some speed. Energy carried 
by the light wave is 

(a) greater in rarer medium 

(b) greater in denser medium 

(c) equal in both mediums 

(d) can not be said 


. Laser light of wavelength 630 nm incident on 


a pair of slits produces an interference pattern 
in which the bright fringes are separated by 
8.1 mm. A second light produces an interference 
pattern in which the fringes are separated by 
7.2 mm. The wavelength of the second light is 
(a) 420 nm (b) 560 nm 

(c) 810 nm (d) 980 nm 


In Youngs double slit experiment, light of 
wavelength 6000 À is used to get an interference 
pattern on a screen. The fringe width changes 
by 1.5 mm, when the screen is brought towards 
the double slit by 50 cm. The distance between 
the two slits is 
(a) 0.2 mm 

(c) 0.6 mm 


(b) 0.4 mm 
(d) 0.8 mm 


. Ife and pg are the permittivity and permeability 


of free space and £ and p are corresponding 
quantities for a medium, then refractive index 


of the medium is 

(a) MoE (b) |e 
pe HoEo 

(d) insufficient information 


(c) 1 


Out of the following, which can be used 

as coherent sources required to produce 

interference pattern of light ? 

(a) Two identical and independent sodium 
lamps 

(b) One yellow light and one green light 
source 


15. 


16. 


17. 


18. 


19. 


20. 


21, 


(c) Two light sources with unequal amplitude 
(d) None of these 


The polarising angle for a medium is 60°. The 
critical angle for the medium is 


m1 NEUE 
(a) sin (4) (b) cos (z) 
~) cos! | 1 SUE 
(c) cos () (d) sin (z) 


A beam of light travelling in water falls on 
a glass plate immersed in water. When the 
incident angle is 51°, the reflected beam of light 
is found to be completely plane polarised. The 
refractive index of glass is 

(Given refractive index of water = 4/3) 

(a) 1.091 (b) 2.312 (c) 1.647 (d) 5.734 


Which of the following waves cannot be 
polarised ? 

(a) Radiowaves (b) Infrared waves 

(c) Ultrasonic waves (d) Microwaves 


If a concave mirror is held in water, then its 

focal length 

(a) increases 

(b) decreases 

(c) remains unchanged 

(d) may increase or decrease depending upon 
the level of water 


If a convex lens is immersed in water, then its 

focal length 

(a) increases 

(b) decreases 

(c) remains unchanged 

(d) may increase or decrease depending upon 
the level of water 


A converging lens is used to form an image 
on a screen. When the upper half of the lens is 
covered by an opaque screen, then 

(a) half the image will disappear 

(b) no image will be formed 

(c) intensity of image will decrease 

(d) intensity of image will increase 


In the Youngs double slit experiment using 
a monochromatic light of wavelength A, the 
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path difference (in terms of an integer n) | 22. A girl wearing coloured contact lens, blue 


corresponding to any point having half the for the left eye and green for the right eye, is 
peak intensity is standing in front of a plane mirror. In the 
x "n image, she observes 
(a) Qn*07 (b) (n+ Di (a) the left eye as green and right eye as blue 
(b) the left eye as blue and right eye as green 
[s] een (d) een (c) both the eyes as green 


(d) both the eyes as blue. 


"ES HIGHER ORDER THINKING | 


‘hig! ll SKILLS QUESTIONS (HOTS) 


23. Diffraction pattern from a single slit of width h 
0.25 mm is observed with light of wavelength dj Sa d) h(u2 - 1)12 
5890 À. Angular separation between first order a 2a? 1 O 
minimum and third order maximum, falling | 27. Considera light beam incident 


on the same side, is from air to a glass slab at 
(a) 5.89 x 10? rad — (b) 5.89 x 1077 rad Brewster's angle as shown in 
(c) 5.89 x 107 rad (d) 5.89 x 107^ rad figure. A polaroid is placed in 

24. Wavelength of light coming from two stars is the path of the emergent ray 
same as the de-Broglie wavelength associated at point P and rotated about an A 
with an electron accelerated through a potential axis passing through the centre and 
difference of 100 V. The aperture of objective of perpendicular to the plane of the polaroid. 


a telescope that can be used to just resolve the Which of the following statement is true? 

stars separated by 9 x 10"? rad, is (a) For a particular orientation there shall 

(a) 16.7 mm (b) 98.3 mm be darkness as observed through the 

(c) 30.8 mm (d) 42.5 mm polaroid. 

(b) The intensity of light as seen through 
the polaroid shall be independent of the 
rotation. 

(c) The intensity of light as seen through the 
polaroid shall go through a minimum 
but not zero for two orientations of the 
polaroid. 


25. A beam of unpolarised light is incident on two 
polaroids crossed to each other. When one 
of the polaroid is rotated through an angle, 
then 25% of the incident unpolarised light is 
transmitted by the polaroids. Then the angle 
through which polaroid is rotated, is 


(a) d (b) 45° (d) The intensity of light as seen through the 

(9 0 (à) 90 polaroid shall go through a minimum for 
26. A point source of light is placed at a depth of h four orientations of the polaroid. 

below the surface of water of refractive index 

u. A floating opaque disc is placed on the 

surface of water so that light from the source 


M not visible from thie surface: The minimum for viewing distant objects when the final image 
diameter of the disc is 


2h is formed at the least distance of distinct vision 
(à) — r (b) 2h(u2 = 1)"2 25cmis 
(wep (a) 33.6 (b) 66.12 (c) 22.6 (d) 11.6 


28. A small telescope has an objective lens of focal 
length 140 cm and an eyepiece of focal length 
5.0 cm. The magnifying power of the telescope 
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29. 


30. 


‘Two point white dots are 1 mm apart on a black 
paper. They are viewed by eye of pupil diameter 
3 mm. Approximately, what is the maximum 
distance at which these dots can be resolved by 
the eye? (Take wavelength of light = 500 nm). 
(a) 5m (bim (c) 6m (d) 3m 

The human eye has an approximate angular 
resolution of à = 5.8 x 107 rad and typical 
photoprinter prints a minimum of 300 dpi (dots 
per inch, 1 inch = 2.54 cm), At what minimal 
distance z should a printed page be held so that 
one does not see the individual dots? 

(a) 14.5 cm (b) 20.5 cm 

(c) 29.5 cm (d) 28 cm 


SOLUTIONS 


1. 


(a) : Let the object distance be u 
R = -30 cm or f= -15 cm 


NN —v--3u 
hy u 
Using mirror formula, 
i.p 0 4.4 
fvu -15 -3u u 
2 -2x15 
r —=— > u= =-10 cm 
3u 15 


(c): Real depth of plate, H = 100 cm 
Apparent depth of plate, h = 100 - 45 = 55 cm 


H 100 
Refractive index of fluid = — — —— =1.81 
h 55 
(b) : For liquid A — air interface, 
1 1 


Bas sini, sin45° - 
For liquid B - air interface, the ray does not 
emerge out for 0 = 30° i.e., i, € 30° 


sini, Ssin30* 3 


2 

(c) 
(b) : As the incident ray gets internally reflected 
at u; — p interface, 

Hop 
Now, at u2 - y; interface, the refracted ray 
bends towards the normal, 

H3 > H2 
Now, at u; - y interface, refracted ray move 


10. 


away from normal, 
Hs > p 
So, u3 > Hy > pi 
(a) : Here, f; = 20 cm, fy = 25 cm, P- 8D 
= Focal length of combination, 


m 
(where d is the distance between lenses), 
we get 
Ql. dou 
100 20 25 20x25 
d 1. T 8 5+4-8 1 
=> =—+—- = = 
500 20 25 100 100 100 


500 
or d=—~=5cm 


(d) : Given, A = 48°, p = 1.6 
For minimum deviation, r= 


ini 
According to Snell’s law, 4 =—— 
sinr 
or sini =usinr = pein 
48° 
=1.6x ain =1.6xsin24° 
= 1.6 x 0.407 = 0.651 
i = sin-(0.651) = 40.6° = 41° 

(b) : As Pyiolet > Hblue > Hgreen > red 
Therefore, Öviolet > Öblue > Sgreen > Sred 


[e 87 (i - A] 
b) : Fi ce, p> 
(b) : For no emergence, p mAn 
Here, A = 60° 
=2 
sin30° 


Hence, 2.30 may be the refractive index of 
material of prism. 

(c): When light travels from one medium to 
another, speed and wavelength changes but 
frequency remains the same. Therefore, energy 
carried by the light wave remains same. 
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12. 


13. 


17. 
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(b) : Here A, = 630 nm, B; = 8.1 mm, 
p; 77.2 mm 

DA 
Fringe width, B= Au 
For constant D and d, Bx À 


_ 7.2mm 


i x630 nm =560 nm. 
8.1 mm 


(a) : Fringe width, B = E 
As À and d are constant, so the change in fringe 
width is given by 
AAD 

AB=— 

B d 

Distance between the two slits, 

AAD _6000x10™ x50x10° 

AB 1.5x10° 

=0.2 x 107? m = 0.2 mm. 


d= 


(b) : Velocity of light in vacuum, c 


Hoe 


Velocity of light in medium, v= du 


pe 
Refractive index of the medium, 


reper ET 
v \ Hof 


. (d) 
. (d) : Here, ip = 60° 


Refractive index of the medium, 


u = tani, = tan60* = 45 
Now, critical angle of the medium, i, 


em 


. (c): Refractive index of glass w.r.t water, 


"us =tani, =tan51°=1.235 


NEN" ái 4_ 
He = "Hy "thy 01235 7 = 1.647 


(c): Ultrasonic waves are longitudinal in nature, 
so they cannot be polarised. 
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18. 


19. 


20. 


21. 


22. 


23. 


24. 


(c): The focal length of a concave mirror does 
not depend on the nature of the medium. 


1 
(a) : Focal length of a convex lens, f > mei 
u- 
As "p, < “Hg so focal length of the convex lens 
increases as it is immersed in water. 
(c): Image formed is complete but has decreased 
intensity. 
(b) : As T= Imax cos 2 
I 


Here, [ - m 
2 
e = 1, 005°( 2) > ie 
n 3n 5n 
= cosp=0 => ae 
è $ 22 2 


or b= 2n+1)7 where n = 0, 1, 2, ... 
Since phase difference = Ed x Path difference 
Path difference = J- x Phase difference 
n 

À n a 
=g% Ant = (n+) 
(a) : A plane mirror will produce a virtual but 
laterally inverted image of any object placed 
at any distance from the mirror. The lateral 
inversion makes the left side appear as the right 
side and the right side as left. Thus the girl 
observes the left eye as green in the image and 
the right eye as blue. 
(a) : In single slit diffraction pattern, positions 
of secondary maxima and minima are given 
by, 


[XN eoe and Onin = sn respectively 


À 7 
Oi min 577 and 3 max 777 
| 27A X 
Angular separation = 05 max -01 min = M d 


E NEN 5890x10 ^ 


=^- =5.89x10™° rad. 
2d 2° 0.25x1 


(a) :de-Broglie wavelength associated with 
an electron accelerated through a potential 
difference is 

Contd. on page no. 89 


‘The magnitude of acceleration of a particle as 
seen by observer A is a m s^? and that observed 
by B is b m s. If magnitude of acceleration of 
A with respect to B is x m s~, then the correct 
statements is 


(a) |? - b?| x< |a? + b?| 

(b) |a- b| £x € |a+b| 

(c) |a - b| «x « |a+b| 

(d) 0 <x<ļa - b| or x> |a + b| 

A rod of length / leans 

by its upper end against ” 

a smooth vertical wall, 

while its other end | 1 

leans against the floor. 

The end that leans => 

against the wall moves 

uniformly downward. 

Then 

(a) the other end also moves uniformly 

(b) the speed of other end goes on decreasing 

(c) the speed of other end goes on increasing 

(d) the speed of other end first decreases and 
then increases. 

A blind person after walking 10 steps in one 

direction, each of length 80 cm, turns randomly 

to left or right. After walking ‘n’ steps, the 

maximum displacement of person is 162 m. 

‘Then value of ‘n’ is 

(a) 20 (b) 30 (c) 40 (d) 60 

For a monoatomic gas, work done at constant 

pressure is W. The heat supplied at constant 

volume for the same rise in temperature of the 

gas is 


(a) W/2 (b) 3W/2 (c) 5W/2 (d) W 


"Thetemperature-entropy diagram ofa reversible 
engine cycle is given in figure. Its efficiency is 


2 
@ 5 7 
i 2T, 
) 5 
(oi To 
4 S 
1 mm 
(d) 2 


A cylinder of radius rand thermal conductivity 
K; is surrounded by a cylindrical shell of inner 
radius r and outer radius 2r, whose thermal 
conductivity is K}. There is no loss of heat 
across cylindrical surfaces, when the ends 
of the combined system are maintained at 
temperatures T; and Tz. The effective thermal 
conductivity of the system, in the steady state is 


KK 
a KaK (b) Ki + Ky 
1 2 
K\+3K, 3K +Ky 
(c) T a 731 


Two moles of monoatomic gas is mixed with 
three moles ofa diatomic gas. The molar specific 
heat of the mixture at constant volume is 

(a) 1.55 R (b) 2.10 R (c) 1,63 R (d) 2.20 R 

A satellite with kinetic energy E is revolving 
round the earth in a circular orbit. The 
minimum additional kinetic energy required 
for it to escape into outer space is 

(a) V2E (b)2E (c) E2 (dE 

Angle of a prism is A and its one surface 
is silvered. Light rays falling at an angle of 
incidence of 2A on first surface return back 
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10. 


12. 


28 


through the same path after suffering reflection 
at the second silvered surface. Refractive index 
of the material is 

(a) 2 sin A (b) 2 cos A 

(c) (1/2) cos A (d) tan A 

In a hydrogen atom, an electron revolves with 
a frequency of 6.8 x 10° MHz in an orbit of 
diameter 1.06 Å. The equivalent magnetic 
moment is 

(a) 79x 1077 A m? 
(c) 97x 1074 A m? 


(b) 9.7 x 1024 A m? 
(d) 7.9 x 104 A m? 


. In the given circuit, E = 6.0 V, R; = 100 Q, 


R = R3 = 50 Q, Ry = 75 Q. The equivalent 
resistance of the circuit, in ohm is 


(a) 11.875 
(c) 118.75 


(b) 26.31 
(d) 16.39 


In the given circuit, voltage across Ry is 


02 4 


R= 602 R,-300 


== R,=502 
3V 


R,2300 


B 


(a) 04V. (b) O6V (c) 08V (d) L0V 


. The density ofa cube is measured by measuring 


its mass and the length of its side. If the 
maximum errors in the measurements of mass 
and length are 396 and 296 respectively, then the 
maximum error in the measurement of density is 
(a) 7% — (b) 5% (c) 996 (d) 3% 


. A ball of mass 0.2 kg rests on a vertical post of 


height 5 m. A bullet of mass 0.01 kg travelling 
with a velocity v m s^! in a horizontal direction, 
hits the centre of the ball. After the collision, 
the ball and the bullet travel independently. The 
ball hits the ground at a distance of 20 m and 
the bullet at a distance of 100 m from the foot 
of the post. 
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15. 


16. 


17. 


19. 


100m 


0 20m 
The initial velocity v of the bullet is 


(b) 250/2 m s^! 
(d) 500 m s"! 


(a) 250m s^! 
(c) 400 m s^! 


In Young's double slit experiment f 


(d = distance between slits, D = distance of 
screen from the slits). At a point P on the screen 
the resulting intensity is equal to the intensity 
due to individual slit Jp. Then the distance of 
point P from the central maximum is 

(Take 4 = 6000 A) 
(a) 2mm (b) 1 mm (c) 0.5 mm (d) 4 mm 


A 12 V battery is applied in forward bias across 
a circuit having p-n junction and resistance 
R in series. A 0.6 V potential drop is across 
p-n junction and current is 2 x 10? A. The 
resistance R is 

(a) 57x10? Q (b) 5.7 x 10 Q 

(c) 5.7 x 10° Q (d) 5.7x 10° Q 


A block of mass 0.50 kg is moving with a speed 
of 2.00 m s^! on a smooth surface. It strikes a 
stationary mass of 1.00 kg and then they move 
together asa single body. The energy loss during 
the collision is 

(a) 0.16]. (b) 1.00]. (c) 0.67] (d) 0.34] 


. A stone is hung in air from a wire which is 


stretched over a sono meter. The bridges of 
the sonometer are 40 cm apart when the wire 
is in unison with a tuning fork of frequency 
256 Hz. When the stone is completely immersed 
in water, the length between the bridges is 22 
cm for re-establishing unison. The specific 
gravity of the material of the stone is 


) (40)? (40)? 
(40) + (22)? (40)? (22)? 

2 40 

(c) 256% (d) 256x55 


Two equal mass m and m are hung from a 
balance whose scale pans differ in vertical 


20. 


2k 


22. 


height by ‘h’. The error in weighing in terms of 
density of the earth p is 


l 
(a) nGpmh (b) gnGpmh 


(c) Ë nGpmh (d) inp 
A plano-convex lens fits exactly 
into a plano-concave lens. Their 
plane surfaces are parallel to each 
other. If the lenses are made of 
different materials of refractive 
indices u, and p and R is the 
radius of curvature of the curved 
surfaces of the lenses, then the 
focal length of the combination 
is 


2R 
© quu) © qo-u) 
R R 
(9 30-8) © mtm) 
An inductor (L = 100 mH), a resistor 


(R = 100 Q) and a battery (e = 100 V) are 
initially connected in series as shown in figure. 
After sometime, the battery is disconnected 
after short circuiting the points A and B. The 
current in the circuit 1 ms after the short circuit is 


(a) eA (b) 0.1 A 

(c) 1A (d) 1/e A 

In the common-emitter configuration, an n-p-n 
transistor with current gain 100 is used. The 
output voltage of the amplifier will be 


err. 


imvO T] 
(a) 10 mV (b) 0.1 V 
(c) L0 V (d) 10V 


23. 


24. 


25. 


26. 


27. 


28. 


A ray of light passes 
through four transparent 
media with refractive 
indices |t, H2, H3 and pty 

as shown in the adjacent. 4 
figure. 

The surfaces of all media are parallel. If the 
emergent ray CD is parallel to the incident ray 
AB, we must have 

(a) p 


M4 


swinging freely about a horizontal axis passing 
through its end. Its maximum angular speed is w. 
Its centre of mass rises to a maximum height 
of 


o 2 Oe 
* 6g 2g 
Po? 2p? 
o = @ oe 
g 3g 
2 Ra is a radioactive substance having 


half-life of 4 days. The probability that a nucleus 
undergoes decay in two half-lives is 

(a) 1 (b) 1/2 

(c) 3/4 (d) 1/4 

An electron of mass m with an initial velocity 
V=yvolis in an electric field É- E; jf 
Ao = hl mw, its de Broglie wavelength at time t 


is given by 
(a) do (b) Ao, —7 
mvg 
@ — «à —*s 
eg? eg? 
1+ 27 145 
mv mv 


A proton and an a-particle are accelerated 
through the same potential difference. The 
ratio of de Broglie wavelength of proton to the 
de Broglie wavelength of alpha particle will be 
(a) 1:2 (b) 2424 

(c) 2:1 (d) 1:1 

Figure shows a metre-bridge set up with null 
deflection in the galvanometer. The value of the 
unknown resistance R is 


PHYSICS FOR YOU | uneia 29 


29. 


30. 


31. 


32. 


30 


55Q R 


(a) 55Q (b) 13.75 Q 
(c) 220 Q (d) 10 Q 


A short circuit coil is placed in a time varying 
magnetic field. Electrical power is dissipated 
due to the current induced in the coil. If the 
number of turns were to be quadrupled and 
the wire radius halved, the electrical power 
dissipated would be 


(a) halved 
(c) doubled 


A heavy uniform chain lies on a horizontal 
table top. If the coefficient of friction between 
the chain and the table surface is 0.25, then the 
maximum fraction of the length of the chain 
that can hang over one edge of the table is 

(a) 25% (b) 20% (c) 35% (d) 15% 

A full-wave rectifier circuit along with the 
output is shown in figure. The contribution (s) 
from the diode 1 is (are) 


E 
Input Output 
Tanna 


(a) C 
(c) B,D a "i CD 

What will be the force constant of the spring 
system shown in the figure? 


th 
(b — 


(d) quadrupled 


NC 


33. 


34. 


35. 


36. 


If the wavelength of first line of Balmer series 
is 6563 À, the wavelength of first line of Lyman 
series and Rydberg’s constant respectively will be 
(a) 1215.4 A, 1.1 x 107 m! 

(b) 5863 A, 2.0 x 107 m! 

(c) 23164 A, 0.1 x 107 m! 

(d) none of these 

In a photoemissive cell, with exciting 
wavelength A, the fastest electron has speed v. 
If the exciting wavelength is changed to 34/4, 
the speed of the fastest emitted electron will be 


ya ya 
(a) less than (4) (b) (4) 
3 3 


1/2 
« 


Figure (a) shows a logic gate circuit with two 
inputs A and B and the output C. 


1/2 
(d) greater than of i) 


A*—} Logic gate c 
Be— circuit 
(a) 


The voltage waveforms of A, B and C are as 
shown in figure (b). 


>t 


>t 


>t 

(b) 
The logic gate is 
(a) OR gate (b) AND gate 
(c) NAND gate (d) NOR gate 
The moment of inertia of a uniform rod of 
length 2! and mass x 
m about an axis XX’ 4 L B 
passing through its 
centre and inclined at 
an angle o, as shown in figure is 


X 
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my m? 4 
(a) 7,-sim^o (b) sme 
P P 
() —cos?a (d) a cos” a 


37. 


38. 


39. 


40. 


4l. 


42. 


A metallic wire with tension T and at 
temperature 30°C vibrates with its fundamental 
frequency of 1 kHz. The same wire with the 
same tension but at 10°C temperature vibrates 
with a fundamental frequency of 1.001 kHz. 
The coefficient of linear expansion of the wire is 
(a) 2x 10-4°C"! (b) 1.5 x 10-4°C"! 

(c) 1x 107^ C7! (d) 0.5 x 104°C"! 
Figure shows the energy levels for an electron 
in a certain atom. Which of the following 
transitions shown, represents the emission of a 
photon with the most energy? 


n=4 
n=3 
— n=2 
— n=1 
ii I TIT IV 
(a) III (b) IV (c) I (d) II 


A parallel plate capacitor has the space between 
its plates filled by two slabs of thickness Seach 


and dielectric constant K, and K3. d is the plate 
separation of the capacitor. The capacity of the 
capacitor is 


2e9d| Ki +Ky 
(a) 
A | KK; 


2] 


KK, 
d 


Ky Ky 


2€9A 
(9 FEK +K) 


‘The Poisson's ratio of a material is 0.5. If a force 
is applied to a wire of this material, there is a 
decrease in the cross-sectional area by 4%. The 
percentage increase in its length is 

(a) 1% (b) 2% (c) 2.5% (d) 4% 

The efficiency of a Carnot engine is 50% and 
temperature of sink is 500 K. If temperature of 
source is kept constant and its efficiency raised 
to 60%, then the required temperature of sink 
will be 

(a) 100K (b) 600K (c) 400K (d) 500 K 

A simple pendulum with length L and mass m of 
the bob is vibrating with an amplitude a. Then 
the maximum tension in the string is 


43, 


44, 


45, 


46. 


47. 


(a) mg 


0) E 


2 2 
(c) mft] (d) melr+(2)| 


Two rain drops reach the earth with different 
terminal velocities having ratio 9 : 4. Then the 
ratio of their volume is 

(a) 3:2. (b) 4:9 (c) 9:4 (d) 27:8 

A pendulum consists of a wooden bob of mass 
m and length l. A bullet of mass m; is fired 
towards the pendulum with a speed vı. The 
bullet emerges out of the bob with a speed v;/3, 
and the bob just completes the vertical circle. 
‘The value of v; is 


mele 
© 2(™ | bl 


m 


A hollow cylinder has a 
charge q C within it. If $ 
is the electric flux in unit c(Je |) 4 
of V m associated with the 

curved surface B, the flux linked with the plane 
surface A in unit of V m will be 


HEN EB 
@) es o) Es 
jÈ 4. 
© 5 Oa 


A force F is required to break a wire of length / 
and radius r. What force is required to break 
a wire, of the same material, having twice the 
length / and six times the radius r ? 

(a) F (b) 3F (c) 9F (d) 36F 
Which of the following graph best represents 
the variation of pressure P with volume V of a 
gas at fixed temperature? 


PA PA 
QN , 9 LM 
PA PA 
(c) (d) 
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48. 


49. 


50. 


The velocity of a body moving in viscous 


medium is given by y=?.q—e@ty where 


t is time; P and Q are constants. Then the 
dimensions of P are 
(a) M°LT-? 
(c) MLT? 


(b) M°L?T-? 

(d) M°L°T-? 

If the atom 297 Fm follows the Bohr model and 
the radius of fifth orbit of A Fm is n times the 
Bohr radius, then find n. 

(a) 100 (b) 200 (c) 4 (d) 1/4 

An electric dipole is placed at an angle of 60° 
with an electric field of intensity 10° N C-!. It 
experiences a torque equal to 8V3 N m. Find 
the charge on the dipole, if the dipole length is 
2cm. 

(a) 8x 10°C 
(c) 8x10? C 


(b) 854 x 10^ C 
(d) 0.85 x 10-5 C 


SOLUTIONS 


1. 


2. 


32 


(b) : Let accelerations of the particle, observer A 
and observer B be p, A, B ms? with respect 
to ground. Hence as per question 

p-A=ah wai) 

p-B=bm, i) 

Hence fand fare unit vectors depending 
upon direction of acceleration of the particle 
with respect to respective observers. 
Subtracting equation (ii) and equation (i) 
Á-B-bf, -añ 

=> |A-Bl=|bm *a(-)| 


b? +a? +2abcos0 
Here 0 is the angle between fiz and — fij 
and |A-B|-x (given) 
Now, 
-1<cos0<1 
la- bl <xs|a+d| 


(b) : From figure, x? + y? = P 


=> x 


dx| | Yy 
dt Iy -1 


Since y is decreasing, y P Iy? -1is increasing 


vy 
continuously, Hence — 
continuously, pP 1y? -1 


is decreasing 


(c): The displacement will 
be maximum if he walks in 
the way as shown in figure. 
After walking 20 steps 
displacement is 8/2 m. 

He walks 40 steps for 


displacement 1642 m. 


8m 
10 steps 


(b) : For the process at constant pressure 


dQ-dW 
dQ - C, dT 4 dW or dr- 


For the process at constant volume, 
dQ - C, dT (7 dW=0) 


dQ-dw .dQ-aw dw .4Q-aw dw 
se 
p 


[T 1C, y 
or (y-1)dQ=dW 
5 3 
71 |dQ=W, dQ==W. 
(3 joo Q 2 


(b) 


e (Fae tan") 
At inner At outer At total 


Kr? (Ty -5). KynlQry =r? (1) -7;) 
or 1 j 1 
 KnQr) (n -T) 
a 1 


m^(n-T) Km4r (D-T) 


or (Kj*3K5) 1 1 


Ki *3K. 
Ks, 


(b) : Molar specific heat of the mixture at 
constant volume is 


3 5 
ne mes, (28 Jen) 


dx SOY y 
=> 2x—-42 
Ta dt I 
dx Wy y FL NO, 
d ox Py? | E 
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=2.10R 


v 


(mtn) 243 


8. (d) : Fora satellite revolving round the earth in 
circular orbit of radius r 


mi GMm GM 

= or v, 
r r? r 
1 GM; 
Eos my? l Mm 
2 2 

For the satellite to escape 
1.5 GMm 2_2GM 
Pi y= 
1 1_mx2GM 

Bad my? a1, CEM MGM =2E 
2 2 id r 


Total energy needed = 2E = E+ E 
Extra energy needed = E. 

9. (b) :Given:i=2A 
From figure r= A 


sini 
sinr 
sin2A 
= -2cosA. 
sinA 
10. (b) : Here, v = 6.8 x 10? MHz = 6.8 x 105 Hz 


14 
rt -053 A=0.53x 100m 


aca E ue -evmr 

I/v 2 
= (1.6 x 10719)(6.8 x 1015) X 05510715 
=9.7 x 107% A m? 

11. (c): In the given circuit, three resistances Rz, R4 
and R3 are in parallel, hence, 


2 


R, 


Ry R, 


This resistance is in series with Rj. 
Hence, equivalent resistance of the circuit 
=R, + R= 100 + 18.75 
= 118.75 Q. 
12. (a) 
M 


13. (Qi p E 


35. 


16. 


17. 


Tap P tOO. 


(d) : As yg 


loy? 
200^ or t-ls 
3! ) 


Further, as (vban)t = 20 m, 


E 1 
ball = 
and as (Vpullet)t = 100 m, 


100m E 
Vbulle 7 — — 7100 ms 


20m E 
——=20 ms 
ls 


Applying the law of conservation of momentum, 
(0.01 kg)v = (0.01 kg) (100 m s~?) 

+ (0.2 kg) (20 m s). 
which givensv = 500 m s“!, 


(a) : We know that r- arcos [1] 


wzaro? (9) (7 I= h (given) 


y= 
4s 
V-Vp 12V-0.6V 
(b) : Re P.-— — —-57x10 9. 
I 2x107A 
(c): Here, m; = 0.50 kg, u; = 2.00 m s^! 


my = 1.00 kg, u = 
If vis velocity of the combination after collision, 
then according to the principle of conservation 
of linear momentum, 
(my + my)v = mu + muz = muy 
. mm — 0.50x2.00 
my +m, 0.50+1.00 
100 2 4 
v=——=—m 
150 3 
Energy loss = initial energy - final energy 
1 


21 2 
= =m, uy —=(m, +m )v 
ql 7. MI 


1 1 2Y 
- 2x0.50x (2.00)! —— (0.50--1 wf?) 
2 2 3 
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18. 
19. 


20. 


21. 


22. 


23. 


34 


GMh 


wan BÀ as 


1 Li 11 
E-o 31s (-1-) 


scum 
R 


(d) : Here, L = 100 mH = 100 x 102H = 0.1 H 
R-1000,£-100 V 


When the short circuiting is done and battery is 
disconnected, the current in RL circuit decays. 
At any time t, 


ES 
I=Ipe £ E 
i 100, 19-3 i.i 
Attz1ms, I21xe 9! => A. 
e 


(c): As m = 9 42}, 
i 


R, 
V, = V; p| Sout 
s 


Here, V; - ImV = 1 x 10? V, p = 100 
Rout = 10 KQ, Rin = 1 kQ 


=1V 


e E s) 
Vy = 010? V) (100) 


1kQ 
(c) 
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24. 


25. 


26. 


27. 


28. 


29. 


30. 


(c): If centre of mass rises to maximum height h, 
then loss in K.E. = gain in PE., 
2 


1| ml 
— 1( 2 eme 


DI 
habc. 
6g 
(o): As Magia 22-4 (st-2hj) 
ET 
: No 3N 
The sample that decays is No RU 
Required probability — 3NQH 3 
Ny 4 
(c) 
A 
(b) : As Ao 


Pg 


N2mqv 


4m, Qe) 
= [oda = |EN? or hp :Ag 22424 
mpap | mpe 


(c): As bridge is balanced, so 3s = 20 zh 


80 4 
or R=55x4=220Q9. 


2 
(b) : Power dissipated, pst Where 
R 
i di 
inducedemf £-— mm and =NBA 
e=-na( 2] 
dt 


Also R ge 
a p 


L8 NIAI QNI 
R i l 
As r is halved and N is quadrupled, 


P becomes 1/4", 
(b) : Let total length of the chain = L and 
maximum length of the chain that can hang = 1 

Length of the chain on the table = (L - 1). 
If p is the mass per unit length of the chain, 
weight of the chain on the table, W = (L - 1) pg 
Force acting on this length due to hanging part 
of the chain = weight of the hanging part of the 
chain of length 1 = lpg. 


31. 


32. 


33. 


34, 


‘This obviously is the force of friction (f). 


are ME. RELE 
R (L-Dpg L-I 
[as R= W= (L - D)pg] 
L =025=} or 1=4=20% 
L-l 4 


(c): During positive half cycle of ac input, 
upper diode (forward biased) conducts and 
lower diode (ie, 1) which is reverse-biased 
does not conduct. During the negative half of 
ac input, reverse is the case and the lower diode 
conducts. 

(b):For parallel combination of first two 
identical springs of spring constant kj, effective 
spring constant, kp = 2k 

Now, springs of spring constants k, and k are 
joined in series, so the force constant or the 
spring constant of the system is 


1 1.1 
+ 


1 5R 


PED a(i) 
Ag 36 
and for the first line of Lyman series, 

1 3R T 
OEC HAN, (ii) 
A, 4 


From equations (i) and (ii), we get 


2.2 -x6563À 212154 A 
27 


Lg 

Now, 
——— T 
3A, 302154x10 5 m) 


(d) :From Einsteins photoelectric equation, 
we get 


(i) 


(m tim? J- 
.. (Using (i) 


35. 


36. 


37. 
39. 


(b) : The logic gate is an AND gate as output 
C is high only when both inputs A and B are 
high. 

(a) :Mass of small 
element of length 
dx of the rod at a 
distance x from the 


SS 


de 


x^ 
centre dm=| ™ |dx. 

2l 
Perpendicular distance of this element from 
the axis XX’ = x sin a, 


moment of inertia of this element, 


dl= [zen 
21 


x=+l 
=j (z) dx (xsina)? 
2l 


(d) 38. (a) 


Kı £A 2K eA £gA 


is Q= 
Uo dià d n2: 
and C. 2K2 EgA D 
d H 
Now, C, and C; are in series, eae 
A durs des d 
C, Cj C, 2K;&gA. 2K5£9A 


d (K,+K, xl KK, ) 
= or C= i " 
269A | Ki Ky d \K\+K, 
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40. 


4l. 


42. 


43. 


44. 


45. 


36 


(d) 
(c): As ete 


or 7,=1000K 


60 _ 
Again, — 


(b) : 


T- mg coso = P^ 


T is maximum, when 0 = 0°. 


me. | 
? 1 
g 


ST omg 


(d) : As terminal velocity, 
2 
_2-9)g 5. M afa) 


ry be, veer 


E 3 3 
(Volume), 3^ -( n } -(2) _27 
(Volume); im n 2 8 
(d) : For completing a vertical circle, velocity 
of the bob 
5gl NO 
Using principle of conservation of linear 


momentum, 
Vc 
3: 


my =m 


2m - 
or ND (ii) 


2m 
neum 5gl orvj--— 
(a) : Gauss’s law states that is net electric flux 


through any closed surface is equal to the net 
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46. 


47. 


48. 


49. 
50. 


charge inside the surface divided by £ọ. i.e., 
total 7-7 


Let electric flux linked with surfaces A, B and C 
are Q4, Og and Qc respectively. 

That is rotal = QA + OB + óc 

Since c = 4, 


204 +95 =%rotal Eo 


(76570) 


(d) : Breaking force does not depend upon 

length. 

Breaking force = breaking stress x area of cross- 

section. 

For a given material, breaking stress is constant. 
Breaking force œ area of cross-section 


E oA, m(óny 
HOA n? 
or F,-36F, =36 F 
(a) : The relation of P and V when temperature 
is constant, is given by Boyles law as 
PV = constant = k or P = k/V. The variation of 
Pand V is as shown in option (a). 


=36 


(a) : vaZa-e%) 
As Qt = number, (leet 
Now, P. zy, 
Q 
[P] = [Qx V] = T-! x LT-! = [M°LT?] 
(d) 
(c): Here, 0 = 60°, E = 106 N C"! 


1-8 /3N m, 2a=2cm=2x10 m 
From t = pE sin 0 = q(2a)E sin 0 

Eu _ 8V3 

© 2aEsinO 2x30? x10° xsin60° 
20 B 

© 2x10° x3 /2 
q-8x10? C. 


or 
mm 


How to select the correct 
answer faster? 


z400 


510 
532 pages pages 
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SOLVED PAPER 2Q 14 


Kerala PET 


Inasimplependulumexperiment,themaximum | 
percentage error in the measurement of length 
is 2% and that in the observation of the time- 


period is 3%. Then the maximum percentage 
error in determination of the acceleration due 
to gravity g is 

(a) 5% — (b) 6% (c) 7% (d) 8% 

(e) 1096 


The pitch and the number of circular scale 
divisions in a screw gauge with least count 
0.02 mm are respectively 

(a) 1 mm and 100 (b) 0.5 mm and 50 

(c) 1 mm and 50 (d) 0.5 mm and 100 

(e) 1 mm and 200 


A ball is dropped from the top of a tower of 
height 100 m and at the same time another ball 
is projected vertically upwards from ground 
with a velocity 25 m s~! Then the distance from 
thetop ofthe tower, at which the two balls meet 
is 


(a) 68.4 m (b) 484m 
(c) 184m (d) 284m 
(e) 784m 


The ratio of distances traversed in successive 
intervals of time when a body falls freely under 
gravity from certain height is 


(a) 1:2:3 (b) 1:5:9 
(c) 1:3:5 (d) vi: v2:v3 
(e) 1:4:9 


A particle starting with certain initial velocity 
and uniform acceleration covers a distance of 
12 m in first 3 seconds and a distance of 30 m 
in next 3 seconds. The initial velocity of the 
particle is 


(a) 3ms! (b) 2.5 m s7! 
(c) 2mst (d) L5m s^! 
(e) Ims! 
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A ball of mass 10 g moving perpendicular to 
the plane of the wall strikes it and rebounds 
in the same line with the same velocity. If the 
impulse experienced by the wall is 0.54 N s, the 


velocity of the ball is 

(a) 27ms"! (b) 3.7 m s~! 
(c) 54m s! (d) 37ms"! 
(e) 5.4m s} 


A A A 
A particle has the position vector f = i -2 j +k 
AAN 
and the linear momentum p=2i-j+k . Its 
angular momentum about the origin is 
A NOON AAA 

(a) -i +j-3k (b) -i+j+3k 

A A UA AA A 
(c) i- j+3k (d) i-j-5k 

AA A 
(e) i-j*5k 
The vertical component of velocity of a 
projectile at its maximum height (u - velocity 
of projection, 0 - angle of projection) is 


(a) usinO. (b) ucos® 
u 
d) 0 
9 sinO e 
u 
(e) per] 


The coordinates of a particle moving in x-y 
plane at any instant of time t are x = 4t; y = 3P. 
‘The speed of the particle at that instant is 

(a) 10t (b)5t (c) 3t  (d)2t 


[GENE 


. A cyclist bends while taking turn in order to 


(a) reduce friction 

(b) provide required centripetal force 
(c) reduce apparent weight 

(d) reduce speed 

(e) sit comfortably 


1l. 


12, 


13. 


14. 


16. 


Two blocks of masses 2 kg "y 
and 4 kg are attached by 
an inextensible light string 4kg 
as shown in the figure. If 
a force of 120 N pulls the 
blocks vertically upward, 
the tension in the string is 
(Take g = 10 m s?) 

(a) 20N (b) 15N 
(e) 30N 


The total energy of a solid sphere of mass 
300 g which rolls without slipping with a 
constant velocity of 5 m s^! along a straight line 
is 

(a) 525] (b) 325] (c) 0.25] (d) 1.25] 
(e) 0.625] 

A bullet when fired into a target loses half of 
its velocity after penetrating 20 cm. Further 
distance of penetration before it comes to rest 
is 


2kg 


(c) 35N (d) 40N 


(a) 6.66 cm (b) 3.33 cm 
(c) 12.5 cm (d) 10 cm 
(e) 5cm 


In elastic collision 

(a) both momentum and kinetic energy are 
conserved. 

(b) neither momentum nor kinetic energy is 
conserved. 

(c) only momentum is conserved. 

(d) only kinetic energy is conserved. 

(e) forces involved in the interaction are 
non-conservative. 


. Two discs rotating about their respective axis 


of rotation with angular speeds 2 rad s^! and 
5 rad s^! are brought into contact such that 
their axes of rotation coincide. Now, the 
angular speed of the system becomes 4 rad s~! 
If the moment of inertia of the second disc is 
1 x 107 kg m?, then the moment of inertia of 
the first disc (in kg m?) is 

(a) 0.25 x 10? (b) 1.5 x 10? 

(c) 125 x 10? (d) 0.75 x 102 

(e) 0.5 x 1032 


A wheel is rotating at 1800 rpm about its own 


17. 


18. 


19, 


20. 


axis. When the power is switched off, it comes to 
rest in 2 minutes. Then the angular retardation 
in rad s^! is 


(a) 2n (bz (9 : « * 
T 
(e) 2 


If the angular momentum of a particle of mass 
m rotating along a circular path of radius r with 
uniform speed is L, the centripetal force acting 
on the particle is 


2 1 
() (b) — 
mr mr 
$ 2 
(9 — a = 
mr 
Lm 
(e) — 
r 


Pick out the wrong statement from the 

following. 

(a) The SI unit of universal gravitational 
constant is N m? kg~?. 

(b) The gravitational force is a conservative 
force. 

(c) The force of attraction due to a hollow 
spherical shell of uniform density on a 
point mass inside it is zero. 

(d) The centripetal acceleration of the satellite 
is equal to acceleration due to gravity. 

(e) Gravitational potential energy 

gravitation potential. 
~ mass of the body 


If a body of mass m has to be taken from the 
surface of earth to a height = R, then the 
amount of energy required is (R : radius of 
earth) 


(a) mgR (b) zm (c) PER. (a) zm 
(e) mg 
9 


The total energy of an artificial satellite of mass 
m revolving in a circular orbit around the earth 
with a speed v is 


l 


(a) m" (b) ime 
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21. 


22. 


23. 


24. 


25. 


26. 


40 


© uw (d) -m 
( — 
e) 2 


Two soap bubbles each with radius r} and 
ry coalesce in vacuum under isothermal 
conditions to form a bigger bubble of radius R. 
Then R is equal to 


G) Jr ed 
(c) ntn 


O 24 d 


"Theratio ofhydraulicstressto thecorresponding 
strain is known as 

(a) compressibility (b) bulk modulus 

(c) Youngs modulus (d) rigidity modulus 
(e) expansion coefficient 

A boy can reduce the pressure in his lungs to 
750 mm of mercury. Using a straw he can drink 
water from a glass upto the maximum depth of 
(atmospheric pressure = 760 mm of mercury, 
density of mercury = 13.6 g cm?) 


(a) 13.6 cm. (b) 9.8 cm 
(c) 10cm (d) 76 cm 
(e) 1.36 cm 


A spring stores 1 J of energy for a compression 
of 1 mm. The additional work to be done to 
compress it further by 1 mm is 
(a) 1J (02J]  (93] 
(e) 0.5] 

If m represents the mass of each molecule of 
à gas and T, its absolute temperature, then 
the root mean square velocity of the gaseous 
molecule is proportional to 


(d) 4J 


(a) mT (b) m2 T2 

(c) m2 T (d) m-!2 T2 

(e) mT"? 

A Carnot engine operating between 


temperatures T, and T; has efficiency 0.2. When 
T» is reduced by 50 K, its efficiency increases to 
0.4. Then T, and T» are respectively 
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27. 


28. 


29. 


30. 


31. 


(a) 200 K, 150 K 
(c) 300 K, 250K 
(e) 300 K, 150K 


A molecule of a gas has six degrees of freedom. 
Then the molar specific heat of the gas at 
constant volume is 


(b) R 


(b) 250 K, 200 K 
(d) 300 K, 200 K 


() 2% qa on 
2 
(e) 3R 


Total number of degrees of freedom of a rigid 
diatomic molecule is 


(a) 3 (b) 6 (c) 5 (d) 2 
(e) 7 
Ifthe differential equation fora simple harmonic 
2 
motion is ze +2y -0, the time-period of the 
dt 
motion is 
v2 
(a) ny2 s (b) p 
n 
(Q -7s (d) 27s 
v2 
vn 
ES 
Identify the wrong statement from the 


following. 
(a) If the length of a spring is halved, the time 


period of each part becomes —L. times the 


v2 


(b) "The effective spring constant K of springs 


in parallel is given by x" d. + l 


original. 


(c) The time period of a stiffer spring is less 
than that of a soft spring. 

(d) Thespringconstantisinverselyproportional 
to the spring length. 

(e) The unit of spring constant is N m^. 


The total energy of the particle executing simple 
harmonic motion of amplitude A is 100 J. At a 
distance of 0.707A from the mean position, its 
kinetic energy is 
(a) 25] (b) 50J 
(e) 70] 


(c) 100] (d) 125] 


32. 


33. 


34. 


35. 


36. 


Two travelling waves, y; = Asin[k(x + ct)] and 
y2 = Asin[k(x - ct)] are superposed on a string. 
The distance between adjacent antinodes is 


ct ct n k 
(a) T (b) 3x Ox (d) = 
n 
(e) t 


If a stretched wire is vibrating in the second 
overtone, then the number of nodes and 
antinodes between the ends of the string are 
respectively 


(a) 2and2 (b) Land 2 
(c) 4and 3 (d) 2and 3 
(e) 3and4 


Pick out the correct statement in the following 

with reference to stationary wave pattern. 

(a) Inatube closed at one end, all the harmonics 
are present. 

(b) In a tube open at one end, only even 
harmonics are present. 

(c) The distance between successive nodes is 
equal to the wavelength. 

(d) In a stretched string, the first overtone is 
the same as the second harmonic. 

(e) Reflection of a wave from a rigid wall 
changes the phase by 45°. 


A plane square sheet of charge of side 0.5 m has 
uniform surface charge density. An electron at 
1 cm from the centre of the sheet experiences 
a force of 1.6 x 10°! N directed away from 
the sheet. The total charge on the plane square 
sheet is (£ = 8.854 x 107? C? m? N~?) 


(a) 1625 uC (b) -22.15 uC 
(c) -44.27 uC (d) 144.27 uC 
(e) 8.854 uC 


‘The energy stored in a capacitor of capacitance 
C having a charge Q under a potential V is 


lg le 
@) zV (b) ;C'v 

19? 1 

pa d) -QV 
(c) av (d) 22 
© tcv 

2 


37. 


38. 


39. 


40. 


Al. 


The electrostatic force between two point 
charges is directly proportional to the 

(a) sum of the charges 

(b) distance between the charges 

(c) permittivity of the medium 

(d) square of the distance between the charges 
(e) product of the charges 


The time period of revolution of a charge qi 
and of mass m moving in a circular path of 
radius r due to Coulomb force of attraction 
with another charge q» at its centre is 


Lome ymr? 8r?eynr? 
LIU; 192 


(a) (b) 
2 
3 l6 e mr? 
(c) Sor (dy. eT Som" 
160,05 142 
© n eom? 
MN adis 
84192 


A point charge of 2 C experiences a constant 
force of 1000 N when moved between two 
points separated by a distance of 2 cm in a 
uniform electric field. The potential difference 
between the two points is 

(a) 12V (b)8V (c) I0V (d) 16V 

(e) 5V 


In the network shown below, if potential across 
XY is 4 V, then the input potential across AB is 


(a) 16V 
(e) 24V 
If the ammeter A shows a zero reading in the 


circuit shown below, the value of resistance R 
is 


(b) 20 V 


() 8V (d)12V 


100 
L lı 


500 Q R 
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42. 


43. 


44. 


47. 


42 


(a) 500 Q (b) 125Q (c) 100Q (d) 41.52 
(e) 4Q 

Five cells each of emf E and internal resistance 
r send the same amount of current through 
an external resistance R whether the cells are 
connected in parallel or in series. Then the ratio 


OL 


(a) 2 
(e) 5 
‘The power dissipated in the transmission cables 
carrying current / and voltage V is inversely 
proportional to 
GV. (Vv ©) WW) VI 

(e) I 

A rigid container with thermally insulated 
walls contains a gas and a coil of resistance 
50 Q, carrying a current of 1 A. The change in 
internal energy of the gas after 2 minutes will 
be 

(a) 6kJ 
(e) L5kJ 


(b) €i qi 
5 


I 
2 


(b 10kJ (c) 3H (d) 12k) 


. The magnitude of the magnetic field inside a 


long solenoid is increased by 

(a) decreasing its radius 

(b) decreasing the current through it 

(c) increasing its area of cross-section 

(d) introducing a medium of higher 
permeability 

(e) decreasing the number of turns in it 

Abar magnet ofmomentofinertia9 x 10-5kgm? 

placed in a vibration magnetometer and 

oscillaing in a uniform magnetic field 

167? x 10-5 T makes 20 oscillations in 15 s. The 

magnetic moment of the bar magnet is 


(a) 3Am? (b 2Am? 

(c) 5Am? (d) 6A m? 

(e) 4A m? 

Identify the correctly matched pair. 
Material Example 

(a) Diamagnetic - Gadolinium 

(b) Soft ferromagnetic - Alnico 
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48. 


49. 


50. 


51. 


52. 


53. 


(c) Hard ferromagnetic - Copper 
(d) Paramagnetic Sodium 
(e) Permanent magnet - Aluminium 


. If the radius of the dees of cyclotron is r, then 


the kinetic energy of a proton of mass m 
accelerated by the cyclotron at an oscillating 
frequency v is 
(a) 4n?m?v?r? 
(c) 21? mv?r? 
(e) rin??? 


(b) 4r?mv?r? 
(d) n?m? 


If a magnetic dipole of moment M situated in 
the direction of a magnetic field B is rotated by 
180°, then the amount of work done is 


(a) MB MB (go 


(b) 2MB (c) E 
(©) VMB 
The polarity of induced emf is given by 
(a) Ampere’s circuital law 
(b) Biot-Savart law 
(c) Lenz’s law 
(d) Fleming’ right hand rule 
(e) Fleming’ left hand rule 


In an LCR series circuit, at resonance 

(a) the current and voltage are in phase 
(b) the impedance is maximum 

(c) the current is minimum 

(d) the quality factor is independent of R 


(e) the current leads the voltage by z 


A conducting ring of radius 1 m kept in a 
uniform magnetic field B of 0.01 T, rotates 
uniformly with an angular velocity 100 rad s^! 
with its axis of rotation perpendicular to B. The 
maximum induced emf in it is 


(a) 1.57 V (b) x V 
(c) 2n V (d) 0.57 V 
(e) 4n V 


A step down transformer increases the input 
current 4 A to 24 A at the secondary. If the 
number of turns in the primary coil is 330, the 
number of turns in the secondary coil is 

(a) 60 (b) 50 (c) 65 (d) 45 

(e) 55 


54, 


55. 


56. 


57. 


58. 


89; 


In a plane electromagnetic wave, the electric 
field of amplitude 1 V m^! varies with time 
in free space. The average energy density of 
magnetic field is (in J m7?) 

(a) 8.86 x 107? (b) 443 x 10712 

(c) 17.72 x 107? (d) 2.21 x 107? 

(e) 1.11 x 1072 


Which one of the following is the property of 
a monochromatic, plane electromagnetic wave 
in free space? 

(a) Electric and magnetic fields have a phase 
difference of 1/2. 

(b) The energy contribution of both electric 
and magnetic fields are equal. 

(c) The direction of propagation is in the 
direction of electric field E. 

(d) The pressure exerted by the wave is the 
product of energy density and the speed of 
the wave. 

(e) The speed of the wave is B/E. 


‘The apparent flattening of the sun at sunset and 
sunrise is due to 

(a) refraction (b) diffraction 

(c) total internal reflection 

(d) interference (d) polarisation 


‘The polarising angle for a medium is found to 
be 60°. The critical angle of the medium is 


(a) sin"! (3) (b) sin"! (£) 


2 

aL in! 1 

(c) sin (=) (d) sin (i) 
(e) s (4) 


Identify the mismatch in the following. 

(a) Myopia - Concavelens 

(b) For rear view - Concave mirror 

(c) Hypermetropia - Convex lens 

(d) Astigmatism - Cylindrical lens 
(e) Reflecting telescope - Convex mirror 

In Young's double slit experiment, to increase 
the fringe width 

(a) the wavelength of the source is increased 
(b) the source is moved towards the slit 


60. 


61. 


62. 


63. 


64. 


(c) the source is moved away from the slit 

(d) the slit separation is increased 

(e) the screen is moved towards the slit 

Light of wavelength 5000 À is incident normally 
on a slit of width 2.5 x 10-4 cm. The angular 
position of second minimum from the central 
maximum is 


(a) s (1) 
(c) (3) 
[S (z) 


An electron of mass m, and a proton of mass 
mp are accelerated through the same potential. 
Then the ratio of their de Broglie wavelengths 


-if 2 
(b) sin (2) 


(d) (2) 


The half-life of a radioactive substance is 
20 minutes. The time taken between 50% decay 
and 87.5% decay of the substance will be 

(a) 20 minutes (b) 30 minutes 

(c) 40 minutes (d) 25 minutes 

(e) 10 minutes 


The ratio of the surface area of the nuclei 5) Te!?° 


to that of ;4AI7 is 


5 125 1 25 
Qi o7 OF 07 
d 
9) 


If the frequency of incident light falling on a 
photosensitive metal is doubled, the kinetic 
energy of the emitted photoelectron is 

(a) unchanged 

(b) halved 

(c) doubled 

(d) more than twice its initial value 


(e) reduced to in 
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65. 


66. 


67. 


68. 


69. 


70. 


The significant result deduced from the 

Rutherford’s scattering experiment is that 

(a) whole of the positive charge is concentrated 
at the centre of atom 

(b) there are neutrons inside the nucleus 

(c) @-particles are helium nuclei 

(d) electrons are embedded in the atom 

(e) electrons are revolving around the nucleus 


On an average, the number of neutrons and 
the energy of a neutron released per fission of a 
uranium atom are respectively 

(a) 2.5 and 2 keV (b) 3and 1 keV 

(c) 2.5and2 MeV (d) 2and2keV 

(e) land 2 MeV 


The inputs A, B and C to be given in order to get 
an output Y = 1 from the following circuit are 


= qu 


(a) 0,1,0 (b) 1,0,0 
(c) 1,0,1 (d) 1,1,0 
(e) 0,0, 1 


The collector resistance and the input resistance 
of a CE amplifier are respectively 10 kQ and 
2 kQ. If B of the transistor is 49, the voltage gain 


of the amplifier is 
(a) 125 (b) 150 (c) 175 (d) 200 
(e) 245 


The light emitting diode (LED) is 

(a) a heavily doped p-n junction with no 
external bias 

(b) a heavily doped p-n junction with reverse 
bias 

(c) a heavily doped p-n junction with forward 
bias 

(d) a lightly doped p-n junction with no 
external bias 

(e) a lightly doped p-n junction with reverse 
bias 

A point-to-point communication mode is seen 

in 

(a) satellite cable communication 

(b) television transmission 
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71. 


72. 


(c) FM radio transmission 

(d) AM radio transmission 

(e) fax transmission 

If the heights of transmitting and the receiving 
antennas are each equal to h, the maximum 
line-of-sight distance between them is 

(R is the radius of earth) 

(à) J2Rh (b) JARh 

(©) Jorh (d) J&Rh 

(e) JRh 


"Ihe ionospheric layer acts as a reflector for the 
frequency range 

(a) 1 kHz to 10 kHz 
(c) 3to 30 kHz 

(e) 3 GHz to 30 GHz 


(b) 3 to 30 MHz 
(d) 100 KHz to 1 MHz 


SOLUTIONS 


E 


(d) : Time period of a simple pendulum is 


re E 
€ 


where L is the length of the pendulum. 
E 4n?L 


The maximum percentage error in g is 
A x100= A 100+2( AT x100) 
g L T 
= 2% + 2(3%) = 8% 
(c): Least count of a screw gauge 
= Pitch 
Number of circular scale divisions 


=1@ 0.02 mm 
50 
(e) : Let the two balls meet at a height x m from 


the ground after time t s from the start. 


1 
From $= utat 


6. 


For ball A, 
S-xmu-25msla--g 
1 
x= 251-29 (i) 
For ball B, 
S= (100 - x) m,u=0,a=g 
^ 100-3709 g1? ww (ii) 


Adding eqns. (i) and (ii), we get 
100-25t or t-4s 
From eqn. (i), 


a-25x4- 3x94 -216m 
Distance from the top of the tower 


= (100 - x) m = (100 - 21.6) m = 784 m 
: Distance traversed in n! second is 


(c 


D,- u+ža@n -1) 
Here, u=0,a=g 
1 
^ Dy ==g(2n-1) 
2 
Distance traversed in 1* second is 
1 1 
D, ==g(2x1-1)=— 
1738 )728 
Distance traversed in 2" second is 
1 3 
D, ==g(2x2-l=— 
2 = 5 al )738 
Distance traversed in 3" second is 


1 5. 
D,--g(2x3-1)-2 
3 38! ) 2° 


Di: Dy: D, os giogiogolihis 
(e) :Let u be the initial velocity and a be 
uniform acceleration of the particle. Then 
Ice xax? 
or 24=6u + 9a wn (i) 
and da-ux6s b xax6 


or 42-6u + 18a 
On solving, we get u = 1 m s^ 


(a) : Here, mass of the ball, m = 10 g = 0.01 kg 


«+ (ii) 


1 


10. 


1l. 


Let v be the velocity of the ball. 
Change in momentum = mv - (-mv) = 2mv 
Impulse = Change in momentum = 2mv 
"s Impulse _ _0.54 N s 
2x0.01 kg 


g -27ms! 
m 

^ ^ ^n ^^ ON 
(b) : Here, F=i-2j+k, p22i- jk 


Angular momentum, [ =F x p 
MA 


A 
i jk 
1 
1 


=h -2 
2-1 
= i(-241)+j 2-1) +h(-144) 
=-1+}43k 
(d): m7 


ucos® 


At maximum height (H) the vertical component 
of the projectile becomes zero whereas its 
horizontal component remains the same. i.e. 
ucos®. 
(a) : Here, x = 4, y = 32 

dx 


d 42 
—=—(4t’)=8t 
^T ac ) 


HW Ld un 
and yeg uS )=6t 


The speed of the particle at any time t is 
v= vi tyy 2NGD? (60? =10t 


(b) : The cyclist bends while taking turn in 
order to provide necessary centripetal force. 
(d) :Let a be common acceleration of the 
system and T be tension in the string. 
Q,-F-Ag-2g _ 120-40-20 


2 


=10ms~ 
4+2 6 T 
The free body diagram of 2 kg ^ 
block is as shown in figure. 2kg fe 
T-2g=2a 
T - 2(a + g) = 2(10 + 10) * 
-40N 5 
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* Unit of a physical quantity is defined as the standard of 
measurement of that quantity. 
(i) Fundamental units: The units selected for measurement of | 
the base quantities are known as the base units or 
fundamental units. 
Derived units : The physical quantities derived from the 
fundamental quantities are derived quantities and their units 
areknown asderived units. 
(iii) Supplementary units : Units of plane angle and solid angle 
are known as supplementary units. tis oftwo types. 
(a) Radian (rad) : It is defined as the plane angle subtended 
at the centre of a circle by an arc equal in length to the 
radius of circle. 


(b) Steradian ( sr) : It is defined as the solid angle subtended 
atthe centre ofa sphere by a surface of the sphere which is 
equal in area to that ofa square having each side equal to 
the radius ofthe sphere. 


© Error: The error in a measurement is equal to the difference. 
between the true value and the measured value of the 
quantity. 

Error - True value - Measured value 

e Types of error: Systematic errors are those errors that tend to 
be in one direction, either positive or negative. Systematic 
errors can be minimised by improving experimental 

[P| techniques, selecting better instruments and removing 
personal bias as far as possible. Random errors are the errors, 
which occur irregularly. They are random with respect to 
sign and size. Least count error : The smallest value that can 
be measured by the measuring instrument is called its least 
count and error associated with resolution of the instrument 

A, isknownasleastcounterror. 


am 


The dimensions of a physical quantity are the powers (or| 
[| exponents) to which the fundamental quantities must be 
raised to represent that quantity completely. 


Dimensional formulae and dimensional equation 


* Dimensional formula : The expression which shows how and 
which of the fundamental quantities represent the dimensions of 
a physical quantity is called the dimensional formulae of the 
physical quantity. 

* Dimensional equation : The equation obtained by equating a 
physical quantity with its dimensional formulae is called the 
dimensional equation of the given physical quantity. 


‘Applications of dimensional analysis 


‘* The method of studying a physical phenomenon on the basis of 
dimenslonsis called dimensional analysis. Following are the three 
main uses of dimensional analysis. 

G) Toconverta physical quantity from one system of units to another. 

(ii) To check the correctness of given physical relation. 

(ii) To derive a relationship between different physical quantities 

* Homogeneity principle : According to this principle a physical 
equation will be dimensionally correct if the dimension of all the 
terms occurringon both sides of the equation are the same. 

‘* Conversion of one system of units to another: Iis based on the. 
fact that the magnitude of a physical quantity remain the same 
whatever may be the system of units 


UNITS AND MEASUREMENT 


‘Measurement of length 


© Length: Itisthe measure of the distance between two pointsin space. 

‘© Direct methods for the measurement of length : a metre scale is used for measuring 
lengths from 10° m to 10 m; a vernier callipers is used for measuring lengths upto 
10-4 manda screw gauge and spherometerare used to measurelengths upto 10-*m. 

* Indirect methods for large distances : echo (reflection) method; triangulation 
method; parallax method. 

* Indirect method for small distances : avogadro's hypothesis and tunnelling 
microscopy. 


[——— — MUZLZZELZE ~ | 


© Inertial mass: It isa measure of the reluctance ie. inertial on the part of the object to 
change its motion when a force is applied on it 
© Gravitational mass: It isa measure ofthe pull on the object exerted by the earth. 


L— — —WAÁUZLZUUÉE — — — 


‘* According to Einstein, "Time is simply what a clock reads’. Any phenomenon that 
repeats itselfafter equal intervals oftime can be used asa time standard. 


Absolute error, Relative error and Percentage error 


* Absolute error : The magnitude of the difference between the true value of the 
‘quantity measured and the individual measured value is called absolute error. 

© Mean absolute error: It is the arithmetic mean of the magnitudes of absolute errors 
inall the measurements of the quantity. Itis represented by Aa pean- 

Bauna = Altin lt tan], tae ele Y [aa 


" ie 


© Meanvalueofmeasurement amean = 1*42 S 
nen = 


‘The final value of measurement may be writtenas a - amean t Ad ean’ 


e Relativeerror or fractional error 


© Percentage error: When the relative error is expressed in percentage it is known as 
percentage error 
Percentage error, Sa = Dinan «100% 


[ — — MEEUUMEE 


* The number of digits in a measurement about which one reasonably sure plus the 
first uncertain digit are called significant digits or significant figures. 

© Rules to find the significant figures- Rule-1: All non-zero digits are significant, 
eg. 1324 has four significant figures. Rule-2: All zeros occurring between two non- 
zero digits are significant. e.g. 120024 has 6 significant digits. Rule-3 Ifthe number 
Isless than 1, the zero(s) on the right of decimal point, but to the left of the first non- 
zero digit are not significant. eg. 0.00064 has two significant digits, Rule-4 : In a 
number without a decimal point the terminal or trailing zero(s) are not significant, 
eg 227800 has four significant digits. Rule-5: In a number with a decimal point the 
trailing zero(s) are significant. eg. 3.200 0r 0.05400 have four significant digits each, 
Note: The power (or exponent) of 10 is irrelevant to the determination of significant 
figures. For example, 3.100 x 10? has 4 significant figures. The change of units only 
changes the order of exponent but not the number of significant figures, e.g. 1.40 m 
= 1.40% 10cm both have three significant figures. 

‘+ Rounding off - Rule-1: If the digit to be dropped is less than 5, then the preceding 
digit is left unchanged, eg. 8.22 is rounded off to 8.2. Rule-2: If the digit to be 
dropped is more than 5, then the preceding digit is raised by one. eg. 6.87 is rounded 
off to 6.9. Rule-3: If the digit to be dropped is 5 followed by digit other than zero, 
then the preceeding digit is raised by one. eg. 7.851 is rounded off to 7.9. Rule-4: If 
the digit to be dropped is 5 or 5 followed by zero, then preceding digit is left 
unchanged, if it is even. e.g. 5250 rounding off to 5.2. Rule-5: If the digit to be 
dropped is 5 or 5 followed by zero, then the preceding digit is raised by one, if it is 
odd. eg. 3750 is rounded offto 3.8. 


Rules for arithmetic operations with significant 


jures 


© Inboth, addition or subtraction the final result should retain as many decimal places 
as are there in the number with least decimal places. eg. 24.36 + 0.0623 + 256.2 = 
280.6223. The result should be rounded off to 280.6 

* dn multiplication or division, the final result should retain as many significant 
figures as there in the original number with the least significant figures. e.g. 4.6 x 
0.128 = 0.5888. The result should be rounded ffto 0.59. 


12. 


13. 


(a) : a 
L E 
Here, mass of the sphere, M = 300 g = 0.3 kg 


In case of rolling motion without slipping 
Total energy, K = Kr + Kg 


Kat Mv? +1 te? 
2 2 


= M+ MR? 
2 Mg? 
‘v For solid sphere, I = $ MR ) 
aim? +t? (v= Ro) 
2 5 
=Z I xoaxs? 7525] 
10 10 


(a) :Let the bullet be fired with velocity v. 
For first part of penetration, 
Using 3“ equation of motion, we get 


2 
(2) —(v)? =2a(20) 
2 


2 

-2,2 =40a or a=- NO 
4 160 

For latter part of penetration, 

Let x be distance travelled by the bullet before it 

comes to rest. 

Again, using 3" equation of motion, we get 


— ) =6.66 cm (Using (i)) 


. (a) : In elastic collision both momentum and 


kinetic energy are conserved. 


. (e) : According to law of conservation of 


angular momentum, we get 
TO, + hw = (I4 + hw 
Substituting the given values, we get 
l x2+1x103x5=(l)+1x 10-3) x4 
21, 5x10? 2 4I 4x 10? 
2h =1x 103 


20x10? 


h= =0.5x107 kg m? 
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16. 


17. 


18. 


19. 


(c): Here, 
2nx1800 E 
Initial angular speed, 99 = o rad s 
= 607 rad s! 


Final angular speed, 
@ = 0 (As wheel comes to rest) 
Time, t = 2 minutes = 120 s 


Wp —0 
Angular retardation = 
= sont et rad s? 
120 2 


Note: In the question paper the unit of angular 
retardation is given as rad s™!. But it is wrong. 
The correct unit of angular retardation is 
rad s?. 
(a) : Let the particle of mass m moves with 
uniform speed v along the circular path of 
radius r. 

Angular momentum of the particle, L = mvr 
oe ve wi) 

mr 

Centripetal force acting on the particle is 


(Using) 


Note: You can also check it dimensionally, only 
option (a) has the dimensions of force. 
(e) : Gravitational potential energy 
= gravitation potential x mass of the body 
Except (e), all other statements are correct. 
(c): Gravitational potential energy of the body 
of mass m on the surface of earth is 
Us EC 

where M is the mass of the earth. 
Gravitational potential energy of the body at a 
height h (= R) from the surface of earth is 
 GMm | GMm | GMm 

R+h R+R 2R 


Required amount of energy = Up - U; 


U= 


M MEI 


2R R R 2 
_GMm _mgR le =£) 
2R 2 Bi 


20. (e) : Kinetic energy of the satellite — i mv? 


21. 


22. 


23. 


Total energy of the satellite = — Kinetic energy 
of the satellite 


1 
-2-Lmy) 
2 


(a) : Let V; and V; be the volumes of two soap 
bubbles of radii r; and rz respectively. Then 


V asap and V, -inr 
3 3 * 


Let S be the surface tension of the soap solution. 
If P, and P; are the excess pressure inside the 
two soap bubbles, then 
R= s and P,= s 
n n 
When these two bubbles coalesce under 
isothermal conditions a bigger bubble of radius 
Ris formed. If Vand P be the volume and excess 
pressure inside this bigger bubble, then 
v2iap and pads 
3 R 
Asthebigger bubble is formed under isothermal 
conditions, so Boyle5 law holds. 
ie. PV + PV; = PV 


(b) : The ratio of hydraulic stress to the 
corresponding strain is known as bulk 
modulus. 
(a) : Pressure difference between lungs and 
atmosphere 

= (760 - 750) mm of Hg 

= 10 mm of Hg = 1 cm of Hg 
Let the boy can suck water from depth h. Then 
Pressure difference = hPwater g = 1 cm of Hg 


24. 


25. 


26. 


hx1gcm^?x980cm s? 
= 1 cm x 13.6 g em? x 980 cm s? 
h=13.6cm 


(c): Potential energy stored in a spring is 
Uslg? 
2 
where x is the extension (or compression) in 
the spring. 
Let k N m^! be spring constant of the spring. 
As per question, 
1 RE 
U-5küx107 m =1J (i) 


It is further compressed by 1 mm. Then 


U'- HN m)? .. Gi) 


Divide eqn. (ii) by eqn. (i), we get 
—-4 or U'-4U 
U 
Work done, W= U'- U- 4U- U 
U-3x1]23] 
(d) : According to kinetic energy of gases 


Root mean square velocity (rms) of gas 
molecules is 


SkgT 
Vrms 7 m 


where m is the mass of each molecule, T is the 
absolute temperature and kg is the Boltzmann 
constant. 


PAL -1/2 pl 
Y or Vrms ec m? T 
rms m: 


(b) : Efficiency of a Carnot engine, 


or —-0.8 e) 
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27. 


28. 


29. 


30. 


31. 


32. 


50 


3T,-4T,-200 or T,=200K 


T, 200K 
—2 = =250K 
08 0.8 


From eqn. (i), T, = 
(e) : Here, number of degrees of freedom, f= 6 
Molar specific heat of the gas at constant 
volume, 
Cy= Lr=Ér=3R 
2 2 

(c): A rigid diatomic molecule has 5 degrees of 
freedom : 3 translational and 2 rotational. 
(a) : The given equation of simple harmonic 
motion is 

a d 

fJ.aiy-0 or Z =-2y 

dt dt 
Compare it with standard equation of simple 
harmonic motion, 


d'y 4 
fw 
ac 
we get, o!-2 or w=V2 
2: 2 
Time period, T=" == =n 2s 
o V2 


(b) : The effective spring constant K of springs 
in parallel is 

K=K,+ Ky +... 
Except (b), all other statements are correct. 


(b) : In SHM, 
Total energy, E= i mo? A? 
Kinetic energy, K = jro? -x?) 


where x is the distance from the mean position, 
At x = 0.707A 


Kim? ~(0.707A)?) = 5 00.547) 
As per question, E = 100 J 
K=05( 4mo?4? |=0.5x100 J=50J 


(e) : Here, 
yı = Asin[k(x + ct)] = Asin(kx + ket) 
y» = Asin[k(x - ct)] = Asin(kx - ket) 
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33. 


34. 


35. 


According to principle of superposition, the 
resultant wave on the string is 
YEN ty2 

= Asin(kx + ket) + Asin(kx - ket) 

= A[sin(kx + kct) + sin(kx - kct)] 
Asinkx coskct 

[.'sin(C + D) + sin(C - D) = 2sinC cosD] 

‘The amplitude of this wave is 

Aq = 2Asinkx 
‘The positions of antinodes (where amplitude is 
maximum) are given by 

|sin kx| = 1 


E tsm oe) where n=0,1,2,.... 


E 1 Jt 
or x3 k 
n 3n 5n 
Em, S, Srn 
2k 2k 2k 
The distance between adjacent antinodes 
is r/k. 
(d) : The vibration of a stretched wire in the 
third harmonics or second overtone is as shown 
in the figure. 


a) 


A A A 


From the figure, 
Number of nodes = 2 
Number of antinodes = 3 


(d) :In a tube open at both ends, all the 
harmonics are present. 

Ina tube open at one end, only odd harmonics 
are present. 

‘The distance between successive nodes is equal 
to half the wavelength. 

Reflection of a wave from a rigid wall changes 
the phase by 180° or 7. 

Except (d), all the other statements are wrong. 
(c): As the electron experiences the force 
directed away from the sheet therefore the sheet 
must be negatively charged. 

Let o be uniform surface density of the sheet. 


Electric field due to the sheet is E 2 — 
čo, 


36. 


37. 


38. 


Force experienced by the electron is 


o 2Fe 
F=eE= or o=——2 


£o 
2xL6x107? x8,854x10 7? 


16x10? 
= 17.708 x 10:5 C m°? = 177.08 x 10 5C m? 
= 177.08 pC m? 
Area of the sheet, A = (0.5 m)? = 0.25 m? 
Total charge on the sheet is 
Q = cA = (177.08 uC m^?) (0.25 m?) 
= 4427 uC 
It is negative. 
- Q=- 44.27 uC 
(d) : The energy U stored in a capacitor of 
capacitance C having a charge Q under a 
potential V is 


1 E E C 
U=-QV=-CV? == (AsQ=CV 
ae =5 26 (AsQ ) 
(e) : According to  Coulombs law the 


electrostatic force between two point charges 
qı and qz separated by a distance r in a medium 
is 
= th 
Ane p? 
where € is the permittivity of the medium. 
Fe qiq 


(d): 


qim 


According to Coulombs law the force of 
attraction between these two charges is 


=| a% 
Amey r? 
This force provides the required centripetal 
force for circular motion. 


1492 


mv? EE 


r  4mty p 


wi) 


39. 


40. 


Time period of revolution 


pale 2nr 


id l qd; 
Amey mr 
Aneomr lon egmr> 
=2nr,|—2— = |——À — 
142 402 


(c): As F=qE or gee 
q 


(Using (i)) 


Here, F = 1000 N,q=2 C 
n E-ON sgg c1 
2C 


As gv or V=Ed 
d 


Here, d=2cm=2x10?m 
V= (500 N C!) (2x 10°? m) = 10V 


(a) : The equivalent circuit of given network is 
as shown in the figure. 


4Q 4Q 
o 22| 88 22, 
A Cl so |X| 4a |* B 
M—4 V 


Resistors 4 Q, 8 Q and 8 Q are connected in 
parallel. 
Resistance between C and X is 


1 1.1,1 2*141 4 1 
soto poe ea 
Rx 4 8 8 8 8 2 
or Rey =2Q 
Resistors 4 Q and 4 Q are connected in 
parallel. 


Resistance between X and Y is 
1 sre a Ue Ce 1 
ee 
Ryy 44 4 4 2 
or Ryy=2Q 
Total resistance between A and B is 
Rag = Rac + Rex + Rxy + Ryg 
-20*20420420-8Q 


4V 
Current through X to Y = 20^ 2A 


Potential difference across AB 
-(2A)(8Q)- 16 V 
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4l. 


42. 


43. 


44. 


52 


(b) : The ammeter will show a zero reading, if 
the potential difference across R = 2 V 
10 
500+R 


10R = 1000 + 2R 
or 8R=1000 or R=125Q 
Note : In the question paper emf of battery is 
given as 10 Q instead of 10 V. 
(d) : Here, emf of each cell = E 
Internal resistance of each cell = r 
Number of cells, n = 5 
In series, 
The current through the external resistance R 
is 


jane 58 (i) 
nr*R Sr+R 
In parallel, 


‘The current through the external resistance R 


. E _ nE 5E 
Tip ttnR r+5R 
n 


wn (ii) 


As per question, I = I’ 


s 3E - SE or Sr+R=r+5R 
Sr+R r+5R 
R 
or R-r or —=1 
r 


(b) : Consider a device R to which a power P 
is delivered via transmission cables having a 
distance Re. If V is the voltage across R and I 
the current through it, then 

P-VI EX] 
‘The power dissipated in the transmission cables 


= v (Using (i)) 
Thus, the power dissipated in the transmission 
cables is inversely proportional to V2, 
(a) : Change in internal energy of the gas is 
equal to the heat produced due to current 
flowing. 

AU = I^ Rt =(1 A)? (50 Q)(2x 60 s) 
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45. 
46. 


47. 


48. 


49. 


50. 
Si, 


52. 


-6x10]-6kJ 
(d) 


(e) : In a vibration magnetometer 


Time period, T = 27. L 
MB 


where the symbols have their usual meanings. 


2 
or eu E 
BT 
Here, I = 9 x 105 kg m^, B = 167? x 105 T 
atta? 
20 4 
2 -5 
= 4n^ x9x10 -=4Am? 
isn? x10 x(3) 
4 
(d) 
2 p22 
(c): Kinetic energy of the proton, K = DLL 
m 


B 
As v= or qB=2nmv 
271m 


Qam}? r? 
2m 


K -2n mv? 


(b):Work done in rotating the magnetic 
dipole of moment M in a magnetic field B from 
position 0; to 0» is 

W = MB(cos0, - cos0;) 
Here, 0, = 0°, 0; = 180° 

W = MB(cos0° - cos180°) = 2MB 
(c): Lenz’s law gives the polarity of induced emf. 


(a) :In an LCR series circuit, the phase 
difference à between the current and voltage is 


Xc- Xj 
tang = ————- 
? R 
At resonance, Xc = X, 
$-o 


Hence, the current and voltage are in phase. 


(b) : The maximum induced emf is 

Emax = BAM 
Here, B = 0.01 T, A = nR? = 1 x (1 m)? = n m? 
@ = 100 rad s! 

Emax = 0.01 x tx 100 V 2n V 


53. 


54. 


55. 


56. 


57. 


L N, I, 
(e) As +=- s NN, 
p N L 


where the subscripts p and s refer to primary. 
and secondary coils respectively. 
Here, I, = 4 A, 1,2 24 A, Np = 330 


N, 2 2. x330-55 
24 


(d): The average energy density due to 
magnetic field is 


2 2 
"ONT 
24e — 2H V2 us 


21 BG 1 (ate) 
4AHp 4 Ho 


11 E z 1 ) 

Ach Ao (1/Mo£0) {Moko 
ase pe =1x8.854x107!? xq» 

aon 7 %8: 

2221x10 ? J m2 

Note : In the question paper the unit of average 
energy density is given as J m2. But it is wrong. 
The correct unit of average energy density 
is] m3, 
(b) : The electric and magnetic fields are in the 
same phase. 
The energy is equally divided between electric 
and magnetic fields. 
The direction of propagation is perpendicular 
to both electric and magnetic fields. 
‘The pressure exerted by the wave is equal to the 
energy density of the wave. 
The speed of the wave is E/B. 
(a) : The apparent flattening (oval shape) of the 
sun at sunset and sunrise is due to refraction. 
(c): According to Brewster's law, y = tanip 
where i, is the polarising angle of the medium. 
Here, i, = 60° 

. [b= tan60°= REI 
Let C be the critical angle of the medium. 


E 


58. 


59. 


60. 


61. 


62. 


(Using (i)) 


or c-a(] 


(b) : For rear view- Convex mirror. 


P AD 
(a) : Fringe width, B "X 
where, A = Wavelength of the source 
D = Distance between screen and the slits 
d = Distance between the two slits 
(b) : Angular position of nh minimum from 
the central maximum is 
nA 
sinO, 2 — 
a 
Here, 4 = 5000 Å 25x 107 m 
a4225x10*cm-25x10 5m, n-2 
2x5x107 m 2 


sin0 = 
25xl0$m 5 


(e) : de Broglie wavelength, A = a 
y2mqv 
Since potential (V) is same for both the 
particles. 

1 


hea 


ing 
a myd m 

Thus, 7 = PP jek (s qp = 4 =) 
p \ Mele m, 


(c): Here, Tj; = 20 minutes 
Let t; be the time taken when 5096 of the 
substance decay. 

Amount of substance left undecayed = 5096 


2 
ULT 2 
m x-( 
No A2 
hl Tys " 
z) EO 
2 


Lett; be time taken when 87.5% ofthe substance 
decay. 
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65. 


66. 


54 


Amount of substance left undecayed 
= 12.5% = i 
1 (aya 
"i 
Divide eqn. (ii) by eqn. (i), we get 


1 (aye p (aptas 
enne pj 
1^l2 2) "l2 


wii) 


or 


ths 


2T, = 2 x 20 minutes 
7 40 minutes 


. (d) : Nucleus radius, R = RA! 


where Ro is a constant and A is the mass 
number 

1/3 
Ate 
An 


Fn. 
Ra 


Assuming nucleus to be spherical 
Surface area, 2- AnR? 


25 


2 
Ste _ Ay ali af 
Su (Ru) G) 9 


. (d) : According to Einsteins photoelectric 


equation 
The kinetic energy ofthe emitted photoelectron 
is 

K=hv- o E 
where v is the frequency of incident radiation 
and Qo is a work function of the metal. 
Ifthe frequency of incident radiation is doubled, 
then 
K' = 2hv - ho = 200 - o) + o 

=2K + do 

K’>2K 
(a) : The significant result deduced from the 
Rutherford's scattering is that whole of the 
positive charge is concentrated at the centre of 
atom. 


(Using (i)) 


(c): On an average 2.5 neutrons are released per 
fission of the uranium atom. 

"The energy of the neutron released per fission 
of the uranium atom is 2 MeV. 
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69. 


70. 


7L. 


72. 


A» 

(9) : EAH 
Y 

o_o 
f PUE 
nan 
C 
Aot 0 
E 0 Y 
cot 1 
A 0 
B "m 
(i — — 
AQ 1 
$21 5——- uS 
C É 


(e) : Here, output resistance, Ro = 10 kQ 
Input resistance, R; = 2 kQ 
B= e 


Voltage gain, Ay =B x Fo 24g Lgs 

Ri 
(c): The light emitting diode is a um doped 
p-n junction which under forward bias emits 
spontaneous radiation. 
(e) :In point-to-point communication mode, 
communication takes place over a link between 
asingle transmitter and a receiver. 
(d): The maximum line-of-sight distance 
between the transmitting and receiving 
antennas is 


dy =\2Rhy * 42Rhg 

where hy and hpg are the heights of transmitting 
and receiving antennas respectively. 

Here, hy = hg =h 


dy = V2Rh + V2Rh = 2V2Rh = SRI 


(b) : The ionospheric layer acts as a reflector for 
a certain range of frequencies (3 to 30 MHz). 
Electromagnetic waves of frequencies higher 
than 30 MHz penetrate the ionosphere and 


escape. 
LL 
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CATEGORY-I 


Q.1to Q.45 carry one mark each, for which only one option 
is correct. Any wrong answer will lead to deduction of 
1/3 mark. 


A small metal sphere of radius a is falling with 
a velocity V through a vertical column of a 
viscous liquid. If the coefficient of viscosity of 
the liquid is n, then the sphere encounters an 
opposing force of 


(a) omav ( $0" 
Ta 
(©) 6mmav @ 7 
6a” 


A cricket ball thrown across a field is at heights 
hy and h3 from the point of projection at times 
t, and t; respectively after the throw. The ball is 
caught by a fielder at the same height as that of 
projection. The time of flight of the ball in this 
journey is 


ht? ht? ht? hy? 


a b 

19 Fite alt O anth 

© hii eh (d) ht? -ht 
hyt hit hi -ht 


In which ofthe following pairs, the two physical 
quantities have different dimensions? 

(a) Planck’s constant and angular momentum 
(b) Impulse and linear momentum 

(c) Moment of inertia and moment of a force 
(d) Energy and torque 

A very small circular loop of radius a is initially 


(at t = 0) coplanar and concentric with a much 
larger fixed circular loop of radius b. A constant 


current I flows in the larger loop. The smaller 
loop is rotated with a constant angular speed w 
about the common diameter. The emf induced 
in the smaller loop as a function of time t is 


2, 
1 
(a) DON ocos) 


Ta {tol 
2b 
Ta gl 


(b) wsin(w*t?) 


(c) Gsin(ot) 


ma" I 
d) —— 
(d) 3 


0- sane: 
b wsin (ot) 
An electron in a circular orbit of radius 
0.05 nm performs 1016 revolutions per second. 
The magnetic moment due to this rotation of 
electron is (in A m?) 
(a) 2.16 x 10°23 
(c) 321 x 1074 


A drop of some liquid of volume 0.04 cm? is 
placed on the surface of a glass slide. Then 
another glass slide is placed on it in such a 
way that the liquid forms a thin layer of area 
20 cm? between the surfaces of the two slides. 
To separate the slides a force of 16 x 10° dyne 
has to be applied normal to the surfaces. The 
surface tension of the liquid is (in dyne cm!) 
(a) 60 — (b) 70 (c) 80 (d) 90 

Ina transistor output characteristics commonly 
used in common emitter configuration, the 
base current Ip, the collector current Ic, and 
the collector-emitter voltage Vcg have values of 


(b) 3.21 x 10772 
(d) 1.26 x 10725 
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10. 


56 


. Consider 


the following orders of magnitude in the active 

region 

(a) Ip and Ic both are in WA, and Vc; in volts 

(b) Ig is in pA and Ic is in mA and Vez in volts 

(c) Ipis in mA and Ic is in uA and Voy in mV 

(d) Ip is in mA and Iç is in mA and Veg 
inmV 


If n denotes a positive integer, h the Planck's 
constant, q the charge and B the magnetic field, 


then the quantity zl has the dimension 
2nqB 


of 
(a) area (b) length 
(c) speed (d) acceleration 


In the circuit shown assume the diode to be 
ideal. When V; increases from 2 V to 6 V, the 
change in the current is (in mA) 

V, 1502 i 43V 

(b) 20 (c) 80/3 (d) 40 

A galvanometer having internal resistance 
10 Q requires 0.01 A for a full scale deflection. 
To convert this galvanometer to a voltmeter 
of full-scale deflection at 120 V, we need to 
connect a resistance of 

(a) 11990 Q in series (b) 11990 Q in parallel 
(c) 12010 Qin series (d) 12010 Q in parallel 


(a) zero 


. Three capacitors 3 uF, 6 uF and 6 pF are 


connected in series to a source of 120 V. The 
potential difference, in volts, across the 3 uF 
capacitor will be 

(a) 24 (b) 30 


(c) 40 — (d) 60 


mo AAA dA 
Ā=i+j-2k> 
a AAA "CC 

B-i-jekand Ĉ=2i-3j+4k. A vector 
X ofthe form «A+B (cand f are numbers) 


is perpendicular to C. The ratio of œ and [) is 
(a) 1:1 (b) 2:1 
(c) -1:1 (d) 3:1 


three vectors 


. One mole of a van der Waals' gas obeying the 


equation (2+ ES Jw —b)=RT undergoes 
V 
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14. 


15. 


16. 


the quasi-static cyclic process which is shown 
in the P-V diagram. The net heat absorbed by 
the gas in this process is 


(a) 501 - B, - V) 


(b) ia 4 Dy, - V) 


1 a a 
(o) ins 


1 a a 
(d =) ht; +P +> (V-V) 
2 v? v2 1773 
A scientist proposes a new temperature scale in 
which the ice point is 25 X (X is the new unit of 
temperature) and the steam point is 305 X. The 
specific heat capacity of water in this new scale 


is (in J kg! X~?) 
(a) 42x 103 (b) 3.0 x 103 
(c) 12x 10? (d) 1.5 x 10? 


The intensity of magnetization of a bar magnet 
is 5.0 x 10* A ml. The magnetic length and 
the area of cross section of the magnet are 
12 cm and 1 cm? respectively. The magnitude 
of magnetic moment of this bar magnet is (in 
SI unit) 

(a) 0.6 (b) 1.3 (c) 1.24 (d) 24 

An infinite sheet carrying a uniform surface 
charge density c lies on the xy-plane. 
The work done to carry a charge q from 
the point A=a(i+2}+3k) to the point 
B-a(f -2j 6k) (where a is a constant 
with the dimension of length and e, is the 
permittivity of free space) is 


(a) 3oaq (b) 2oaq 
2&9 £o 
(9 a qp 20 
2€q £o 


17. 


19, 


20. 


22. 


A luminous object is separated from a screen 
by distance d. A convex lens is placed between 
the object and the screen such that it forms a 
distinct image on the screen. The maximum 
possible focal length of this convex lens is 
(a) 4d  (b)2d  (cd/2 (d) dl4 


. Four cells, each of emf E and internal resistance 


r, are connected in series across an external 
resistance R. By mistake one of the cells is 
connected in reverse. Then the current in the 
external circuit is 


2E 3E 
(a) EE (b) aR 

3E 2E 
© 3r+R @ 3r+R 


Consider two concentric spherical metal shells 
of radii r; and r3 (rz > rj). If the outer shell has 
a charge q and the inner one is grounded, the 
charge on the inner shell is 


f 
(a) —4 (b) zero 
n 
Su - 
(c) " 4 (d) -q 


Consider a blackbody radiation in a cubical box 
at absolute temperature T. If the length of each 
side of the box is doubled and the temperature 
of the walls of the box and that of the radiation 
is halved, then the total energy 

(a) halves (b) doubles 

(c) quadruples (d) remains the same 


. The displacement of a particle in a periodic 


motion is given by ¥= 4cos*( £sin(.o00) 
This displacement may be considered as the 
result of superposition of n independent 
harmonic oscillations. Here n is 

(a) 1 (b) 2 (c) 3 (d) 4 

One mole of an ideal monoatomic gas is heated 
at a constant pressure from 0°C to 100°C. Then 
the change in the internal energy of the gas is 
(Given R = 8.32 J mol! K-!) 

(a) 0.83 x 105] (b) 4.6 x 103] 

(c) 2.08 x 103] (d) 1.25 x 105] 


23. 


24. 


25. 


26. 


27. 


28. 


The output Y of the logic circuit given below is 


A D Y 
Bonm 
(b) A 
(©) (A+B)-A (d) (A B).A 
A whistle whose air column is open at both 
ends has a fundamental frequency of 5100 Hz. 
If the speed of sound in air is 340 m s^!, the 
length of the whistle, in cm, is 
(a) 5/3 (b) 10/3 (c) 5 (d) 20/3 
To determine the coefficient of friction between 
a rough surface and a block, the surface is 
kept inclined at 45? and the block is released 
from rest. The block takes a time t in moving a 
distance d. The rough surface is then replaced 
by a smooth surface and the same experiment 
is repeated. The block now takes a time 1/2 
in moving down the same distance d. The 
coefficient of friction is 
(a) 34  (b5/4 (O2 (d 1/42 
A smooth massless string passes over a smooth 
fixed pulley. Two masses m, and m» (m, > m2) 
are tied at the two ends of the string. The masses 
are allowed to move under gravity starting from 
rest. The total external force acting on the two 
masses is 


(a) A+B 


(m -my 
(a) mem — 0 LITE 
()Gm-m)g (a) etra 

m-m» 


A wooden block is floating on water kept in 
à beaker. 4096 of the block is above the water 
surface. Now the beaker is kept inside a lift that 
starts going upward with acceleration equal to 
g/2. The block will then 

(a) sink 

(b) float with 10% above the water surface 

(c) float with 40% above the water surface 

(d) float with 70% above the water surface 


In which of the following phenomena, the heat 
waves travel along straight lines with the speed 
of light? 
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29. 


30. 


31. 


32. 


33. 


(a) Thermal conduction 
(b) Forced convection 
(c) Natural convection 
(d) Thermal radiation. 


An artificial satellite moves in a circular orbit 
around the earth. Total energy of the satellite is 
given by E. The potential energy of the satellite 
is 
(a) -2E (b) 2E 
(c) 2E/3 (d) -2E/3 
A proton of mass m and charge q is moving in 
a plane with kinetic energy E. If there exists a 
uniform magnetic field B, perpendicular to the 
plane of the motion, the proton will move in a 
circular path of radius 

E 


2Em N2Em 
(a) B (b) "gs O (d) a 


A particle moves m constant acceleration 
along a straight line starting from rest. The 
percentage increase in its displacement during 
the 4' second compared to that in the 3'4 
second is 

(a) 33% (b) 4096 (c) 6696 (d) 77% 


A car is moving with a speed of 72 km hour"! 
towards a roadside source that emits sound at 
a frequency of 850 Hz. The car driver listens to 
the sound while approaching the source and 
again while moving away from the source after 
crossing it. If the velocity of sound is 340 m s! 
the difference of the two frequencies, the driver 
hears is 

(a) 50 Hz (b) 85 Hz 

(c) 100 Hz (d) 150 Hz 


For the radioactive nuclei that undergo either 

oL or B decay, which one of the following cannot 

occur? 

(a) Isobar of original nucleus is produced. 

(b) Isotope of the original 
produced. 

(c) Nuclei with higher atomic number than 
that of the original nucleus is produced. 

(d) Nuclei with lower atomic number than that 
of the original nucleus is produced. 


nucleus is 
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34. 


35. 


36. 


37. 


38. 


Same quantity of ice is filled in each of the two 
metal containers P and Q having the same size, 
shape and wall thickness but made of different 
materials. The containers are kept in identical 
surroundings. The ice in P melts completely in 
time fj, whereas that in Q takes a time t. The 
ratio of thermal conductivities of the materials 


of P and Qis 

(a) fit (b) tity 

(iid (0 ui 

When a particle executing SHM oscillates with 


à frequency v, then the kinetic energy of the 

particle 

(a) changes periodically with a frequency of v. 

(b) changes periodically with a frequency of 
2v. 

(c) changes periodically with a frequency of 
v/2. 

(d) remains constant. 


A parallel plate capacitor is charged and then 
disconnected from the charging battery. If the 
plates are now moved farther apart by pulling 
at them by means of insulating handles, then 
(a) the energy stored in the capacitor 
decreases. 

(b) the capacitance of the capacitor increases. 
(c) the charge on the capacitor decreases. 

(d) the voltage across the capacitor increases. 


The ionization energy of hydrogen is 13.6 eV. 
The energy of the photon released when an 
electron jumps from the first excited state 
(n = 2) to the ground state of a hydrogen atom 
is 

(a) 3.4eV (b) 4.53 eV 

(c) 10.2 eV (d) 13.6 eV 


A uniform rod is suspended horizontally from 
its mid-point. A piece of metal whose weight is 
W is suspended at a distance / from the mid- 
point. Another weight W; is suspended on the 
other side at a distance |, from the mid-point 
to bring the rod to a horizontal position. When 
W is completely immersed in water, W, needs 
to be kept at a distance h from the mid-point to 
get the rod back into horizontal position. The 
specific gravity of the metal piece is 


39. 


40. 


4l. 


42. 


43. 


44. 


w wi, 
Qm b) ——Ód— 
Qu ©) w-wa 
[ | 
() — (d) 4 
l-h i, 


A particle is moving uniformly in a circular 
path of radius r. When it moves through an 
angular displacement 0, then the magnitude of 
the corresponding linear displacement will be 


(a) 2rcos(£) (b) 2rcot( 2) 


(c) 2rtan{ £) (d) 2rsin( 2) 

2 2 
A metal rod is fixed rigidly at two ends so as 
to prevent its thermal expansion. If L, œ and 
Y respectively denote the length of the rod, 
coefficient of linear thermal expansion and 
Young's modulus of its material, then for an 
increase in temperature of the rod by AT, the 
longitudinal stress developed in the rod is 
(a) inversely proportional to œ 
(b) inversely proportional to Y 


(c) directly proportional to x 
(d) independent of L 


The intermediate image formed by the objective 
of a compound microscope is 

(a) real, inverted and magnified 

(b) real, erect, and magnified 

(c) virtual, erect and magnified 

(d) virtual, inverted and magnified 


Two coherent monochromatic beams of 
intensities 7 and 4I respectively are superposed. 
The maximum and minimum intensities in the 
resulting pattern are 

(a) 5I and 3I (b) 91 and 3I 

(c) 4Iand I (d) 91 and I 


The energy of gamma (y) ray photon is E, and 
that of an X-ray photon is Ey. If the visible light 
photon has an energy of E,, then we can say 
that 

(a) E,» E,» E, (b) E» Ey > E, 

(c) Ej» Ex> Ey (d) E,» E, Ey 


A uniform solid spherical ball is rolling down 


45. 


a smooth inclined plane from a height /i. The 
velocity attained by the ball when it reaches the 
bottom of the inclined plane is v. If the ball is 
now thrown vertically upwards with the same 
velocity v, the maximum height to which the 
ball will rise is 

(a) 5h/8 (b) 3h/5 (c) 5h/7 (d) 7h/9 

If the bandgap between valence band and 
conduction band in a material is 5.0 eV, then 
the material is 

(a) semiconductor 
(c) superconductor 


(b) good conductor 
(d) insulator 


CATEGORY-II 


Q.46 to Q.55 carry two marks each, for which only 
one option is correct. Any wrong answer will lead to 
deduction of 2/3 mark. 


46. 


47. 


48. 


An object is placed 30 cm away from a convex 
lens of focal length 10 cm and a sharp image 
is formed on a screen. Now a concave lens is 
placed in contact with the convex lens. The 
screen now has to be moved by 45 cm to get 
a sharp image again. The magnitude of focal 
length of the concave lens is (in cm) 

(a) 72 (b) 60 (c) 36 (d) 20 

A 10 watt electric heater is used to heat a 
container filled with 0.5 kg of water. It is 
found that the temperature of water and the 
container rises by 3°K in 15 minutes. The 
container is then emptied, dried and filled 
with 2 kg of oil. The same heater now raises the 
temperature of container-oil system by 2°K in 
20 minutes. Assuming that there is no heat loss 
in the process and the specific heat of water as 
4200 J kg"! K"!, the specific heat of oil in the 
same unit is equal to 

(a) 1.50 x 10° (b) 2.55 x 10? 

(c) 3.00 x 10° (d) 5.10 x 108 


A solid uniform sphere resting on a rough 
horizontal plane is given a horizontal impulse 
directed through its centre so that it starts 
sliding with an initial velocity vy. When it 
finally starts rolling without slipping the speed 
of its centre is 

2 3 5 


@ 2w (7 
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50. 
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52. 


60 


"Three identical square plates rotate about the 
axes shown in the figure in such a way that their 
kinetic energies are equal. Each of the rotation 
axes passes through the centre of the square. 
Then the ratio of angular speeds aj : €» : 0 is 


E S 
ad 


(a) 1:1:1 (b) J2:V2:1 

() N23 (d) 1:2:2 

A circuit consists of three batteries of emf 
E, = 1 V, E; = 2 V and E; = 3 V and internal 
resistances 1 Q, 2 Q and 1 Q respectively which 
are connected in parallel as shown in the figure. 
The potential difference between points P and 


Qis 


13 


NEP 


i 
ESO 


=3V 
È BEAN g 


(a) LOV (b)20V (c) 22V (d) 30V 
A long conducting wire 
carrying a current I is bent 
at 120° (see figure). The 
magnetic field B at a point 
Pon the right bisector of 
bending angle at a distance 
d from the bend is (pọ is the permeability of 
free space) 


mE Hol 
(e) 2nd 2nd 
(o te "ES 

Vnd 2nd 


To determine the composition of a bimetallic 
alloy, a sample is first weighed in air and then 
in water. These weights are found to be wj 
and w respectively. If the densities of the two 
constituent metals are p; and p respectively, 
then the weight of the first metal in the sample 
is (where p,, is the density of water) 
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54. 


(a) Pı yz -p,)-wjpa] 


Py (po P 


Pi 
(b) Im (p; — Pw) + W2P2] 
NETS] 192 7 Py) wapa 


Pi 
(c) [Iw (P2 + p,) - wap] 
P. (92 Py) Y (2 * P, 2P1 
Pi 
id) ——— Wi —Py)— wap. 
(d) Dalby =p) er Pw) 21] 


Sound waves are passing through two routes- 
one in straight path and the other along a 
semicircular path of radius r and are again 
combined into one pipe and superposed as 
shown in the figure. If the velocity of sound 
waves in the pipe is V then frequencies of 
resultant waves of maximum amplitude will be 
integral multiples of 


— — 
v v 
9 a3 ©) Gan 
2v v 
r(n-1) 9 r(m+1) 


A glass slab consists of thin uniform layers 
of progressively decreasing refractive indices 
RI (see figure) such that the RI of any layer is 
u — mA. Here u and Ap denote the RI of 0" 
layer and the difference in RI between any two 
consecutive layers, respectively. The integer 
m = 0, 1, 2, 3 .... denotes the numbers of the 
successive layers. A ray of light from the 0'^ layer 
enters the 1* layer at an angle of incidence of 
30^. After undergoing the m" refraction, the ray 
emerges parallel to the interface. If u = 1.5 and 
Ap = 0.015, the value of m is 


EE 


(a) 20 


(b) 30 


(c) 40 — (d) 50 


55. 


The de Broglie wavelength of an electron is the 
same as that of a 50 keV X-ray photon. The 
ratio of the energy of the photon to the kinetic 
energy of the electron is (the energy equivalent 
of electron mass is 0.5 MeV) 

(a) 1:50 (b) 1:20 

(c) 20:1 (d) 50:1 


CATEGORY-III 


Q.56 to Q.60 carry two marks each, for which one or 
more than one options may be correct. Marking of 
correct options will lead to a maximum mark of two on 
pro rata basis. There will be no negative marking for 
these questions. However, any marking of wrong option 
will lead to award of zero mark against the respective 
question - irrespective of the number of correct options 
marked. 


56. 


57. 


A stream of electrons and protons are directed 
towards a narrow slit in a screen (see figure). 
‘The intervening region has a uniform electric 
field E (vertically downwards) and a uniform 
magnetic field B (out of the plane of the figure) 
as shown. Then 

k 


te | 


[ËI 


(a) electrons and protons with speed will 
pass through the slit. 
lË] 


(b) protons with speed will pass through 


the slit, electrons of the same speed will 
not, 
(c) neither electrons nor protons will go 
through the slit irrespective of their speed. 
(d) electrons will always be deflected upwards 
irrespective of their speed. 


Half of the space between the plates of a 
parallel plate capacitor is filled with a dielectric 
material of dielectric constant K. The remaining 
half contains air as shown in the figure. The 
capacitor is now given a charge Q. Then 


58. 


59. 


(a) electric field in the dielectric-filled region 
is higher than that in the air-filled region. 
on the two halves of the bottom plate the 
charge densities are unequal. 

charge on the half ofthe top plate above the 


(b) 


(c 


air-filled partis -2 . 
K*1 
(d 


capacitance of the capacitor shown above 
C, 
is HO , where Cj is the capacitance 


of the same capacitor with the dielectric 
removed. 


Find the 

photoelectric effect. 

(a) There is no significant time delay between 
the absorption of a suitable radiation and 
the emission of electrons. 

(b) Einstein analysis gives a threshold 
frequency above which no electron can be 
emitted. 

(c) The maximum kinetic energy of the 
emitted photoelectrons is proportional to 
the frequency of incident radiation. 

(d) The maximum kinetic energy of electrons 
does not depend on the intensity of 
radiation. 


A thin rod ABisheld 4, 
horizontally so that it 
can freely rotate in a 
vertical plane about 
the end A as shown 

in the figure. The 
potential energy of 
the rod when it hangs vertically is taken to be 
zero. The end B of the rod is released from rest 
from a horizontal position. At the instant the 
rod makes an angle 0 with the horizontal, 

(a) the speed of end B is proportional to 


correct — statement(s) about 


Jo 3 


(b) the potential energy is proportional to 
(1 - cos). 

(c) the angular acceleration is proportional to 
cos0. 

(d) the torque about A remains the same as its 
initial value. 
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60. A heating element of resistance r is fitted inside 


an adiabatic cylinder which carries a frictionless 
piston of mass m and cross-section A as shown 
in diagram. The cylinder contains one mole 
of an ideal diatomic gas. The current flows 
through the element such that the temperature 


i Pare 1 
rises with time t as AT = at e Br (œ and f 
are constants), while pressure remains constant. 


‘The atmospheric pressure above the piston is 


Po. Then 
piston 


a 
(a) the rate of increase in internal energy is 
Ince po. 


(b) the current flowing in the element is 


2 R(oc* Br) . 
r 


(c) the piston moves upwards with constant 
acceleration. 

(d) the piston moves upwards with constant 
speed. 


SOLUTIONS 


L 


(c): According to Stokes law, the sphere 
encounters an opposing force F (or viscous 
force) when it falls through a viscous liquid of 
viscosity | with a velocity v and it is given by 

F = 6nnav 
Note : You can also see from the options, only 
option (c) has the dimensions of force. 
(a) : Let a cricket ball be thrown with velocity 
u at an angle 0 with the horizontal. 
As per question, 


h 7 usinOt, E 
1 
or usinOt, hg E 


and h, - usin0t; E 
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ot usin Oty =hy 2g NC 
Divide eqn. (i) by eqn. (ii), we get 
l2 
hy +~ gt 
hl gl 251 
b y+) gt? 
" 282 
hat +2 gt ty e hts +2 gt?t 
ah +5 Sa hh 7 la t shite 
hio - het, = HUC -du) NT 
Time of flight, pa Hse 
8 
l2 
2) hy +— 
ee t38 (Using (i)) 
8 f 
ee ee 
=2h p =A] 52-757 |tt (Using (ii) 
gh hint; -Int; 
ht -htt 
ht -htt +t, 
ht; hot 
Lh —Iyhty htt ht? hi -hti 
hts hf ht; -ht 
(c): [Moment of a force] = [Torque] 
= [MLT] 


[Moment of inertia] = [ML?T°] 
(c): The situation is shown in the figure. 
‘The magnetic field at the common centre 
due to the current in larger loop is 

p, — Ho 2ml _ Mol 

4n b 2b 

where subscript / refers to I E 
larger loop. 
"The magnetic flux linked 
with the smaller loop at time t is 

Qs = Bj A, cos wt 
where subscript s refers to smaller loop. 

$7 Bol pa? cosqt. 


"The emf induced in the smaller loop is 


2 
= polus Msinwt 
2b 
(d) : Here, radius of the orbit, r = 0.05 nm 
= 0,05 x 10° m 
Frequency, v = 10! rev/s 
The electron moving in a circular orbit behaves 
as a current loop. 
"The current due to orbital motion of electron is 
T=ev 
Area of the loop, A = nr? 
Magnetic moment of the loop, M = IA 
=en 
M =1.6 x 107? x 1076 x 3.14 x (0.05 x 107°)? 
=0.0126 x 1021 A m? = 1.26 x 107” A m? 
(c) 
(b) : In the active region Ij is in pA, Icis in mA 
and Vcr is in volts. 


(a): According to Bohr's quantisation condition 
Angular momentum, L = nE 

2n 
The force acting on a charge q moving with 
velocity v in a magnetic field B is 


F = qvBsino 
[F] 
+. [qB] 2 = 
TM 
The dimensions of the quantity n is 
2nqB 
» | t lv 
2nqB| [F]/[v] [F] 
Qep-Ly ry r-t 
= (MET HET 1 nz =[Areal 
[MLT] 
V, 150Q 43V 


(b): wf >| 
As the diode is ideal, it offers zero resistance 
when forward biased and offers infinite 


resistance when reverse biased. 

When V, = 2 V, the diode gets reverse biased 
and offers infinite resistance. Hence, no current 
flows in it. 


When V; = 6 V, the diode gets forward biased 
and offers zero resistance. 


10. 


1. 


12. 


$V-3V...3. A. Q02A 
1500 150 
Change in current, AI = Ifinal — Finitial 

= 0,02 A - 0 A = 0.02 A=20mA 
(a) : Here, galvanometer resistance, G = 10 Q 
Current for full scale deflection, I, = 0.01 A 
To convert the galvanometer into a voltmeter of 
range 120 V, a high resistance R is connected in 
series with it such that 


final = 


V=1(G+R) 
120 = 0.01(10 + R) 
120 


or R=——~10=12000-10=11990 Q 
0.01 


(d): & G G 


ilr een 
3uF 6uF 6uF 


120V 


In the given circuit, Cj, C; and C; are connected 

in series. The equivalent capacitance of these 

capacitors is 

1 1 1 1 1 
* 


CG GG 3 


Lot 
4L 
6 6 


ale 


3 
or C, 2-uF 
cju 
Let Q be charge on each capacitor. 
Q=(120 vi(3ur)=180 uc 
Potential difference across C, (= 3 uF) is 


Q_ 180 NC 


Wa 
cg 3pF 


=60 V 


aA h A LANKA 
(a) : Here, A=i+j-2k, B=i-j+k 
=. A AOA 
C=2i-3j+4k 
Be as de IN AS YA AAA 
X-oÀ «DB -a(i j-2k) (i — j4- 1) 

^ ^ ^ 
=(a+B)i+(a-B) j (B - 20) k 
As X LC, so their dot product is zero. 
ie, X-C=0 

^ ^ A A AOA 

((a+B)i * (cB) j++ (B-20)k)-(2i-3 j+ 4k) 20 
20+ 2B - 3a + 3B + 4B - 8a = 0 
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64 


For a cyclic process, AU = 0 
~. According to first law of thermodynamics, 
the net heat absorbed by the gas is 
AQ = Work done, AW 
= Area of AABC 


1 
rics — PV, - V3) 


.(d):X "c 


305X 100°C} 


25X oC 
On the X scale, the temperature difference 
between the boiling and freezing points is 
305X-25X-280X 
On the °C scale, it is 100* — 0° = 100°C 
‘Thus, a temperature difference of 280 X is equal 
to a temperature difference of 100°C. 
For a 1°C change in °C scale, there is a 
corresponding 2.8 X change in X scale. 
Specific heat capacity of water = 4200 J kg"! *C-! 
Specific heat capacity of water in this new scale 
is 
LU kg! X^ 21500] kg! X^! 


= 15x 10? J kg! xX! 


. (a) : Here, intensity of magnetisation, 


1=5.0x10'Am! 
Magnetic length, L = 12 cm = 12 x 10? m 
Area of cross-section, A = 1 cm? = 1 x 10~4 m? 
Intensity of magnetisation, 

_ Magnetic moment (M) 

T Volume (V) 


or M=IV=IAL 
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16. 


17. 


18. 


19. 


= (5.0 x 10* A m^!)(1 x 107* m?)(12 x 10? m) 
= 60 x 10° A m? = 0.6 A m? 


(a) : Here, 
NON OK A AO” 
Fa =a(i+2j+3k), fg =a(i-2j +6k) 
Displacement vector 7 from point A to B is 
DEZ -4 
S A AA AA 

-a(i -2j*6k)-a(i *2j*3k) 2 a(-4 j& 3k) 
Electric field due to an infinite plane sheet of 
uniform surface charge density c is 


^ " 
where n is a unit vector normal to the plane. 


AB 
Here, n- k. 


3oaq 
26g 


=q EN a(4j 3k) 
2£g 


(d) : From lens displacement method, 


d 
Jox =] 


(a) : When one cell is wrongly connected in 
a series of n cells each of emf E and internal 
resistance r, it will reduce the effective emf by 
2E i.e. the effective emf = nE - 2E whereas there 
is no effect on the total resistance of the cells. 
Here, n=4 
Effective emf = 4E - 2E = 2E 

Total internal resistance of the cells = 4r 
‘The current in the external circuit is 

__2E 

© 4r+R 


(e: 


Since the inner shell is grounded, therefore, its 
potential is zero, Let q’ be charge on the inner 
shell. Then 


20. (a) 


21. 


(c): y=4cos*{ £sin(.o00r 


y 7 2(1 + cost) sin(10001) ('.' 2cos^0 = 1 + cos20) 
= 2sin(10001) + 2sin(1000/) cost 
= 2sin(1000f) + sin(10011) + sin(9991) 
( 2sinA cosB = sin(A + B) + sin(A - B)) 
So the given expression is the resultant of three 
independent harmonic oscillations. 
22. (d) : Here, R = 8.32 J mol! K^! 
AT = 100°C - 0°C = 100°C, n= 1 
At constant pressure, 
AQ = nCpAT 
and AW = nRAT 
According to first law of thermodynamics, 
AQ=AU+AW 
AU = AQ - AW = nCpAT - nRAT 
= nAT(Cp - R) 


=nCyAT (7 Cp- Cy- R) 


For monoatomic gas, Cy — ir 


3 
AU = 1X5 %8.32%100= 12.5107 | 


= 1.25 x 10°J 


The output Y of the logic circuit is 
Y=A+A-B =A(1+B)=A-1=A 
24. (b) : Let L be the length of the whistle. 
y 


Fundamental frequency, V= an 


2L 
where v is the speed of sound in air. 
v 
L-— 
or oU 


Substituting the given values , we get 
340 1 
= -— m 
2x5100 30 


25. (a) : 


The acceleration of the block down the rough 
inclined plane is 
a = gsinO - ugcos® = g(sinü - cos) — .. (i) 


The acceleration of the block down the smooth 
inclined plane is 

a’ = gsinü we (ii) 
As the block slides the distance d in each case, 
1 2 


a-la? zat 
2 2 


C^ u= 0 as block starts from rest) 


g(sin0 -u cos 8) 
gsinO 


cos0 


I-p 


sinO 


Here, 0= 45°, t ai 
2 


1 1_3 
1-pcot45°=— or p=1-—=— 
p 4 B 4 4 


26. (b) : 
T YT 
T ^T 
at 
m] Ja 
"xq 
mg 
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27. 
28. 
29. 


30. 


31. 


Let a be the common acceleration of the system 

and T be the tension in the string. 

The equations of motion of two masses are 
mg-T-m;a s ti) 
T- mg = ma 

Adding eqn. (i) and eqn. (ii), we get 

P (m =m) 


mtm, 


) 
^ (iii) 
Acceleration of centre of mass of the system is 
_ma +ma _ ma-ma 


aç; 
m +m m +m 


(aj and azare equal in magnitude but opposite 


in direction) 
m -m \{ m,—my 
(m +m, Jm +m E 


nh =Ma } 
(Using (iii)) 


The total external force acting on the two 
masses is 


Foxe = (im + mz Jacy = (m nj 


= (m — my)? 
m +m, 
(c) 
(d) : Thermal radiation travel in straight lines 


with the speed of light. 
(b) : Potential energy of the satellite 
= 2(Total energy of the satellite) 
=2E 
(b) : As the proton moves in a circular path of 
radius r in the perpendicular magnetic field B 
2 
^ DU =qvB or r=" 
r qB 


1 
Kinetic energy of the proton, E = 7 my? 


or 2Em=m?y? or mv- 2mE 
N2mE 
qB 


(b):Let a be constant acceleration of the 
particle. 
Its displacement in n™® second is 
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32. 


33. 


34. 


1 
Dy zu a(n-1) 


n 


Since the particle starts from rest, therefore 
u=0 


1 
^ Dyth = gn -1) 


1 
^n Dy 2,490x3-0) 


Dj =5ax4=1)= 
% increase in its displacement 


Dyth -Dard 
=———— x 100= 
Dy 5 
a.a 
2 


= x100-2x100- 40% 
5 5 


2 
(c): Here, velocity of the car, 
var = 72 km hour"! =72 x ms-20m; 


Velocity of sound, v = 340 m s! 
Frequency of source, v = 850 Hz 
While approaching the source (stationary), the 
frequency heard by the driver is 


v 


While moving away from the source, the 
frequency heard by the driver is 


Difference in frequencies, 
AU =v’ - v^ 


oo He )-o( 
" v 


_2x850x20 
340 


=100 Hz 


(b) : In & decay the mass number A and atomic 
number Z decrease by 4 and 2 respectively. 

In B decay the mass number A remains the 
same but atomic number Z increases by 1. 

(a) : Let Ki and K,be the thermal conductivities 
of containers P and Q respectively. 

As the same quantity of ice melts in P and Q, 


35. 


36. 


37. 


38. 


the quantity of heat flows in P and Q must be 
same. 


Q- K A(T, - T))t z K5A(T; - T))t; 
x x 
Kyj7K5t or veh 
2h 
(b) : In SHM, kinetic energy varies periodically 
with double the frequency of SHM i.e. 2v. 


(d) : Charging battery is removed. 


Q = constant. 
Distance between the plates is increased. 
n c=E04 
C decreases. “Ca d 


Now, V = Q , Qis constant and C is decreasing. 
[9 


V increases. 
YO* D i 
U=— again Q is constant and C is 
2c 
decreasing. 
U increases. 


(c): Energy of the electron in n® state of 
hydrogen atom is 


The energy of the photon emitted for the 
electron transition from n = 2 to n = 1 is 


AE =E, - E, =(-13.6 e 
2 


(c): In first case, 


w Iw] 


Let O be midpoint of the rod. 
For rotational equilibrium of the rod, 
Taking moments about O, we get 

Wil, = WI wa (i) 


In second case, 


When metal piece W is immersed in water, it 
experiences a buoyant force. 

Apparent weight = Weight - Buoyant force 
Wapp = W - Fa = VP meta 8 7 VPwater 8 

[where V is the volume of the metal piece] 


Prwater | 


Wapp = VPmetal jq = 


E whe P water l 


P metal 


P metal 


w 


Again, for the rotational equilibrium of the 
rod, 

Taking moments about O, we get 

Wilz = Wapp! 


- wh — Pwater l 
P metal 


Wi - Wy l- Prater | 


Pmetal 


n ]- P water | 
h Pmetal 


Pwater ho 


(Using (ii) 


(Using (i)) 


h-h 
h 


Specific gravity of the metal piece 


P metal 


Pme h 


P water. 


39. (d) : B 


A 
According to cosine formula 
2, 92! 2 
rte’ —d 
2r? 
2rcos0 = à +r- d? 
d? = 2r - 2r'cos0 = 2r'1 - cos] 


cos0= 
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40. 


4l. 


42. 


43. 


=2r? [2sin? 2] [^ cos0 1-2sin? °] 
2 2 
or d=2rsin( 2) 
2. 
Linear displacement, AB = d = 2r sin( 2) 


(d) : Strain = A. 
L 


As AL = LAT. 


. AL AT 
L 


_ Stress 
© Strain 

Stress = Y x Strain = YoAT 
(a) : The intermediate image formed by the 
objective of a compound microscope is real, 
inverted and magnified. 


(d) : Imax =h 12 2411 
and Imin = 1j +1, - 2411; 
Here, I; =I and I; = 4I 
Imax 7 LEAL 424) (4I) 2514 AI =91 
and Imin =1+41-2¥(D(4D =51-41=1 


As Y 


(c): Energy of a photon, E = hv 
AS Dy > Vy > Vy 
E,» Ey> Ey 


. (c): Let m be mass and R be the radius of the 


ball. 


According to law of conservation of mechanical 
energy 


1 1/2 
? =< mv? ine Jo? 
2\5 


1 1 
mgh- mv? tz d) 2 


(For solid sphere, 1 = 2 mR?) 


OR: EE 
--mv^e-mv “ye 
2 5 (^ v= Ro) 


mgh- : mv 
E 10 


PHYSICS FOR YOU | JUNE 14 


45. 


46. 


47. 


Let h' be maximum height attained by the 
ball when it is thrown vertically upwards with 


" 10 
velocity {- er 
y 
2 
( 10 
2 7 
Pr gee clon Sa e. 


4| 
-10,5 
2g 2g 


=h 
14 7 
(d) : The band gap of 5.0 eV corresponds to 
that of an insulator, 


(à) : f7 10cm 
Ó 
screen 
"300m 
" L 1 | 
According to lens formula, ——— = — 
vu f 
Here, u = -30 cm, f= 10 cm 
lodged 
"v -30 10 
d cT 1 1 
-—=—-—=— or v=15cm 
v 10 30 15 


Now a concave lens of focal length f’ is placed 
in contact with convex lens. In order to obtain 
a sharp image again the screen has to be moved 
by 45 cm. 
New image distance, v = v + 45 cm 

- 15cm 45cm 

= 60cm 
Let F be focal length of the combination. 
Again using lens formula 


pu 1 1.1 1 


E =—+—=— 
F 60 -30 60 30 20 


or F=20cm 
p ug 
As —-2—t— 
FOR 
1 1 1 I 1 1 1 
=o + or SSS 
20 10 f'  f' 20 10 20 
or f'--20cm 
If'| - 20cm 
(b) : Here, power of heater, P - 10 W 


Mass of water, mų = 0.5 kg 


49. 


. (c): e e 


Mass of oil, m, = 2 kg 
Specific heat of water, s = 4200 J kg! K~! 
In case of container-water system 
Energy supplied by the heater to the system in 
15 min = 10 x 15 x 60 = 9000 J 
My SyATy + Mes AT, = 9000 
(where subscripts w and c refer to water and 
container respectively.) 
0.5 x 4200 x 3 + me X s, x 3 = 9000 
6300 + 3m,s, = 9000 
3m,s, = 2700 
m, s, = 900 wi) 
In case of container-oil system 
Energy supplied by the same heater to the 
system in 20 min = 10 x 20 x 60 = 12000 J 
mos, AT, + ms, AT, = 12000 
(where subscript o refers to oil) 
2xs,x24900x2-12000 (Using (i)) 
is, = 10200 
So = 2550 J kg! K-1 = 2.55 x 109] kg! K! 
Hence, the specific heat of oil is 
2.55 x 10° J kg! K^. 


Let M and R be mass and radius of the solid 

sphere respectively. 

Applying law of conservation of angular 

momentum about the point of contact, we get 
2 

MvgR 2 MyR« MR?) 


(‘+ For solid sphere, 1=2MR) 
=mr+ž meZ )= son (ov = RO) 
5 RJ 5 
7 5 
WEY or very 


(b) : Kinetic energy of rotation, Kp = jo 


2K; 
or 9? =R 

y: 
Since Kg remains the same for all three 
configurations, 


H 
no Qe—— 


VI 


50. 


51, 


Let m be the mass and a be side Go, 

of each square plate ZZ 

In figure 1, moment of inertia. D ^ 
s pr 


about the given axis, 


a 
1 i 
Ij =— ma? 
12 
In figure 2, moment of inertia Go, 
about the given axis, 
ee) 
I,-—ma 
233 a 
In figure 3, moment of inertia 12 
about the given axis 
| 
I; =—ma 
56 
Dibilz1:1:2 
l 
As Qe — 
vi 
+ 0,:05:0 2:1 


. (b) : Here, Ej = 1 V, E; 22V, E, 23 V 


r219Q,r-2Q9,n-1Q 
The effective emf of the circuit is 


E E, E. 

BER 1,2,5 10 
p,- P 2123 1.2.10 
WT 0710175 5 

TL 
non on 121 2 
=2V 
~. Potential difference between points P and Q 
=Eg=2V 


(d): 


Magnetic field at P due to current through the 
bent wire is 
Ho 


I 
B= wee 


(sin 90° + sin 30°) 


Hot 


ay? 


_ Vuol 


2nd 
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52. 


53. 


54. 


70 


(a): Let x be weight of the first metal in the alloy. 
~. Weight of second metal in the alloy = w; - x 
Let V, and V; be volumes of two constituent 
metals in the alloy. 


Vj2— and V- 17% 
§P1 §P2 
Total volume of the alloy 
x wo-x 
V=V,4+V, =| —+——— wn (i) 
aii ls m 


As the weight of the alloy in air and water are 
wy and wy respectively. 

Loss in weight = Weight of water displaced 
wi = w2 = Vows = (Vi + V2)Pw8g 


t "p g — (Using(i)) 
"a w8 gl 


-( x eis 
Pi P2 M 


= *P2Pw + Wii ~XP1Pw 

PiP2 
XP2Pw - XP1Pw = W1P1P2 - W2P1P2 - W1P1Pw 
 PwlP2 - Pil = Pilwi(P2 - Pw) - W2P2] 


Wis 


xus -p4)-wjp3l 
8 
> — 


The path difference between two interfering 
waves is 

Ax = nr - 2r - r(n - 2) 
For maximum amplitude, Ax = nA 


r(n-2)-nÀ or a= 


Frequency, v= X = n| — — 
zs =a" a-23 


(d) : By Snell's law, usini = constant 
usin30° = (u - mAp)sin90° 
Lisin30? = u - mAw 
mp = p - usin30° 
"s u(l- sin 30°) 
Ap 
Here, u = 1.5, Au = 0.015 


15 1-1) 
2)_ 0.75 _ 


0.015 0.015 


50 
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55. 


56. 


57. 


(c): de Broglie wavelength of an electron 


AMEN 


2m,K, 


where subscript e refers to electron. 
Kinetic energy of the electron, 


" n? 
K,o2—3 
2m,X; 
Energy of a photon, Ey, = he. 
ph 


where subscript ‘ph’ refers to photon. 
Eph LM 2m, A2 N 2 


Ke ùp k 
As per question, A, = Aph 
Eph _2mMchph — 2m? 


K, h hel koh 


| 2x0.5x10° eV 20 


soxi eV — ! 

or Ey:K,-20:1 
(c, d) :A charge q moving with velocity ¥ in 
presence of both electric field E and magnetic 
field B experiences a Lorentz force and is given 
by 

Faq(E+0x B)=F, + Fs 
If the total force F on the charge is zero, the 
charge will move in the fields undeflected. 

For proton 


© OB 
hi tig ue 


For electron 
th thon 
V 


(b, c, d) : Let A bearea of each plate and d is the 
distance between the plates. 


The given capacitor is equivalent to two 
capacitors in parallel with capacitances 


_ Keg(A/2)_ KegA 


C m 
: d 2d i 
y= £0(A/2) _ oA ~ (ii) 
d 2d 
KeA | &jA 
Cog = Cy +C, = +— 
ead od 
EA Co 
270 (K +1)= (K +1 
2d (K +1) 2 ( ) 
where Cy = E 
BLK (ii) (Using (i) and (i) 
DS €. D 
Charge 
As surface charge density, © = TER 
Area 
oa Q K i -— 
ae. i (HY, Using (iii 
9, Qj 1 (iv) (Using (iii)) 
Total charge, Q = Q1 + Qz (o) 
From (iii) and (v), we get 
KQ Q 
= d oo 
a K+1 8nd s K+1 
Electric field in dielectric filled region, 
"er 
£K 
Electric field in air-filled region, 
B=% 
m 
Aly ti xytiy Using tv) 
E, o, K K 


58. (a, d) :The photoelectric emission is an 
instantaneous process without any apparent 
time lag. 

Below threshold frequency no electron can be 

emitted. 

According to Einstein's photoelectric equation, 
Kmax = hv ~ Qo 

where v is the frequency of incident radiation 

and ọọ is the work function. 

The maximum kinetic energy of electrons is 

independent of the intensity of radiation. 

59. (a,c) 

60. (a, c): Increase in internal energy, 

dU - nCydT 
Rate of increase in internal energy 


dU dT 
BU aac E 
db "V at 
Here, n=1, aT=at+>pr 
dT 3 
;—- t - 
p [EIU (i) 


5 
For diatomic gas, Cy = 2 R, Cp= ZR 


2 

dU 5 5 
d 1x a Xe Bo) 2 R(oc* Bt) 
Heat supplied by the heating element to the gas 
at constant pressure, 

dQ = nCpdT 
Rate of heat supplied, 
dQ =nC, 4r 


7 
—=I1x-R * pt Using(i 
dp OP TUR GRX(G+Bt)  (Using() 
7 
=- R(Q +t 
ot po 
Let I be current flowing in the element. 
Pr= ZR a+ ps) 
2_7 
I*-—R(a-t) 
2r 


7 


I (ot - Br) 


2r 


According to ideal gas equation, 
'V = nRT 
At constant pressure, 
PdV = nRdT 


Pav =nk{ ar +40?) 
Work done, W = PdV = nk{ a0 +461?) +» (ii) 


Let F be force exerted by the gas on the piston 
of area A. 


pot or F=PA 
A 


Let the piston moved upwards by a distance x. 
Ws Fx 


nR 1 2) 
or x=—=—| at+— 
Pal ;P 
dx mR 
Velocity, v2 — - — (a+ Bt 
locity, v= SE = 2 (a+ Bt) 
von, ani Rg 
Acceleration, dt PA 
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CBSE 


BOARD 2015  Etlectrostatics 


CHAPTERWISE PRACTICE PAPER 


"T GENERAL INSTRUCTIONS M 


G) All questions are compulsory. 

(i) There are 30 questions in total. Questions Nos. 1 to 8 are very short answer type questions and carry one 
mark each. 

(iii) Questions Nos. 9 to 18 carry two marks each. Questions Nos. 19 to 27 carry three marks each and questions 
Nos. 28 to 30 carry five marks each. 

(iv) One of the questions carrying three marks weightage is value based question. 

(v) There is no overall choice. However, an internal choice has been provided in one question of two marks, 
one question of three marks and all three questions of five marks each weightage. You have to attempt only 
one of the choices in such questions. 

(vi) Use of calculators is not permitted. However, you may use log tables if nec 

(vii) You may use the following values of physical constants wherever necessary 


sary. 


c=3x10 mst, n-663x10? J s,e=1.6x10"C, 


1 204 
by =4n« 107 T m AT, — -9x10 Nm? C? , m,=9.1 x 10?! kg 
Ants 


A a 
1. What is the expression of capacitance of a | 8. Two charged particles system separated by 
parallel plate capacitor with a conducting slab distance 2 m is placed in air and experience a 
of thickness t ? force 10 N. If this system is placed in a medium 
2. Can we give as much charge to a capacitor as of dielectric constant 5 to experience the same 
we wish? magnitude of the force then what would be the 
3. Four point charges +2q, separation between them? 
+3q, -4q and +5q are 9. Two large, thin metal plates are parallel and 
as shown in the figure. +24, close to each other. On their inner faces, the 
What is the electric flux s plates have surface charge densities of opposite 
due to this configuration signs and of magnitude 17.7 x 10 C m°, 
through the surface S ? Find the electric field strength E 


4. Whatisthe SI unit of surface integral of electric (a) in the outer region of the first plate 
field? (b) in the outer region of the second plate and 


s c) between the plates. 
5. Does the electric potential rise or fall along an o P 


electric line of force? 10. Four capacitors are connected as shown in the 
figure. Find the equivalent capacitance between 


6. What is the electric field in the cavity, if a 
the points X and Y. 


conductor having a cavity is charged? Does the 
result depend on the shape and size of cavity of 


2 
the conductor? ys ee 
7. What is an equipotential surface? Give an zn | SpE SpF | 10pF 
example. 
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1l. 


14. 


15. 


16. 


A spherical Gaussian surface encloses a charge 

of 17.7 x 10* C. 

(a) Find the electric flux passing through the 
Gaussian surface. 

(b) If the radius of the Gaussian surface is 
doubled, how much flux would pass 
through the surface ? 


. An electric dipole with dipole moment 


4x10? C m isaligned at 30° with the direction 
of a uniform electric field of magnitude 
5x 10* N C^. Find the magnitude of the torque 
acting on the dipole. 


. Find the potential at a point P due to a charge of 


4 x 1077 C located 9 cm away. 

Hence, obtain the work done in bringing a 
charge of 2 x 10? C from infinity to the point 
P. Does the answer depend on the path along 
which the charge is brought? 

Draw plot showing the variation of (i) electric 
field (E) and (ii) electric potential (V) with 
distance r due to a point charge q. 

What is the electrostatic shielding ? Write its 
two application. 


What is electric polarization? Define 
polarization density. 
OR 


Two identical spheres A and B, each having a 
charge of 6 x 10°C, are separated by 60 cm. A 
third uncharged sphere C of the same size is 
brought in contact with sphere A, then brought 
in contact with sphere B and finally removed 
from both. What is the new force of repulsion 
between A and B? 


. How will you combine three capacitors, each of 


3 uF, so that their equivalent capacitance is 
(i) 94F — (i) IgE (iii) 45gF* 


. What is the potential gradient at a distance 


of 107 m from the centre of the platinum 
nucleus? What is the potential gradient at the 
surface of the nucleus? Atomic number of 
platinum is 78 and radius of platinum nucleus 
is5x 10 m. 


. What is meant by the statement that the electric 


field of a point charge has spherical symmetry 
whereas that ofan electric dipole is cylindrically 
symmetric? 


20. 


21. 


22. 


23. 


24. 


While watching a science show on atmosphere, 

Pooja find that on the average an electric field of 

the Earth is about 100 N C^! directed vertically 

downward. 

(a) Why is this field not felt by a person 
standing on the surface of the Earth? 

(b) What is the total charge on the Earth's 
surface? 

(c) Is this charge large as compared to the total 
charge of all the electrons in copper coin of 
mass 3.10 g? (For Cu, Z - 29; Take radius of 
Earth = 6.37 10° m) 


Determine the electrostatic potential 
energy ofa system consisting of two charges 
7 uc and -2 tc (and with no external field) 
placed at (-9 cm, 0, 0) and (9 cm, 0, 0) 
respectively. 

How much work is required to separate 
the two charges infinitely away from each 
other? 

Suppose that the some system of charges 
is now placed in an external electric field 
E=A(1/); A =9 x 10° Cm”, What would 
be electrostatic energy of the configuration 
be? 

Two fixed point charges +4e and +e units 
are separated by a distance a. Where should 
a third point charge be placed for it to be in 
equilibrium? 

(b) Why is it easier to charge a balloon on a dry 
day than on a humid day? 


(a) 


(b) 


(c 


(a 


Derive an expression for the electric field at any 

point on the axial line of an electric dipole. 

The capacitance of a capacitor with vacuum 

is 0.088 pF When a dielectric is introduced, 

the capacitance of the same capacitor becomes 

0.330 UE, 

(a) Find the 
medium, 

(b) If the electric field strength in the absence 
of dielectric is 5000 V m^, find the field 
strength in the presence of the dielectric. 

OR 

Twenty seven drops of water of the same size 

are equally and similarly charged. They are 

then united to form a bigger drop. How will 

capacitance and potential change? 


dielectric constant of the 
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25. (a) Depict the equipotential surfaces for a 


26. 


27. 


28. 


29. 


30. 


74 


system of two identical positive point 
charges placed at a distance d apart. 
Deduce the expression for the potential 
energy of a system of two point charges q, 
and qz brought from infinity to the points 
jj and 7, respectively in the presence of 
external electric field E . 


(b 


State Gauss’ theorem of electrostatic. Using this 
theorem, derive an expression for the electric 
field intensity due to an infinite plane sheet of. 
charge density o C m. 


Explain the underlying principle of working of 

à parallel plate capacitor. 

If two similar plates, each of area A having 

surface charge densities 6 and -o are separated 

by a distance d in air, write expressions for 

(i) the electric field at points between the two 
plates. 

(ii) the potential difference between the plates 

(iii) the capacitance of the capacitor so formed. 

Explain the principle on which Van de Graaff 

generator operates. Draw a labelled schematic 

sketch and write briefly its working. 
OR 

(a) Find the expression of the electric field at 
equatorial position due to a dipole. Assume 
dipole length is much smaller than the 
equatorial position. 

(b) If the dipole is placed in a uniform electric 
field, find the expression of torque acting 
on it. 

(a) Find the expression of electric potential at a 
point due to point charge. 

(b) Show that work done in moving a charge 
particle around a closed path in electric 
field is zero. 

(c) Write three properties of equipotential 
surfaces. 

OR 

Find the expression of electric field intensity 

due to a hollow charged shell of radius R at a 

point which is at distance r if 

(i) r«R (ii) r-R (iii) r>R 

Also, draw the graph showing the variation of 

electric field with distance. 


Find the expression of electric potential due to 
an electric dipole at 
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(i) anaxialposition. (ii) equatorial position. 
(iii) any point due to short dipole. 


(a) What is electrostatic potential energy? 
Derive an expression of potential energy 
for a system of three point charges situated 
at the corners of a triangle. 

(b) If n capacitors of capacitance Cj, Cz, C3, 
a» C, are connected in series, find the 
expression of equivalent capacitance. 


SOLUTIONS 


Capacitance of a parallel plate capacitor with a 


conducting slab, C = A 


where A = Area of the plate 

d = separation between plates 

t = thickness of conducting slab 

£o = permittivity of free space. 
No, the maximum charge that can be given to 
capacitor could be determined by the capacity 
of the condenser. 
According to Gausss law, total electric flux over 
the closed surface S, 
= Q _+3q-4q+5q 

Es £ 


pä 
o o Eo 

The SI unit of surface integral of electric field is 
N m? C^! or volt metre. 

The electric potential falls along an electric line 
of force because electric line of force is always 
directed from higher to lower potential. 

When a conductor is 
charged, charge resides on 
its outer surface, In figure, 
for Gaussian surface A in 
the conductor or B in the jf 


cavity, + 
+e thee 


o=fé-d=1-0 = E=0 

£o 
That is electric field vanishes in a conductor or 
in a cavity. This is independent of shape and 
size of conductor and cavity. 
Any surface which has same electric potential 
at every point is called an equipotential surface. 
'The surface of a charged conductor is an 
equipotential surface. 


According to Coulomb's law 
1 


Fe— 4h wai) 
Amey r? 
e ne EH (ii) 
" ANEK n 
According to question, 
Fa Fm 
Ii 2 
te? Ms Kri-r 


Won 


The electric field due to each surface charge 
o 


2€ 


Ei 
— 
— 

Er E, Q E 


Given 6 = 17.7 x 10 C m? 
(a) The electric field in the outer region of first 
plate (point P). 
o 6 
B-B 2&y 2€, $ 
(b) The electric field in outer origin of second 
plate (point Q). 


o o o 
+ 


177x107 


LÁ. -2x10NC, 
885x107! 


. Equivalent circuit is as shown below 


2uF 


3 uP 
10 uF 


5 uF 


Capacitance in parallel, 
Cp= (2 +3 +5) MP = 10 pF 
Capacitance in series, 
10x10 100_ 
210410 20 — 


Sur 


1. 


12. 


13, 


14. 


15. 


~<. Equivalent capacitance, C,, = 5 WF 
(a) Electric flux passing through the Gaussian 


surface 
77x10* 
br e 4 =——__ =2x10' Nm’ ct 
tQ, 885x10 


(b) If the radius of the Gaussian surface is 
doubled, there is no change in flux. 
Here, p 24x 10? C m, 
0-30, id 
E-5x10NC! 0 
Torque, 
t=pE sind a 
=4x 10? x 5x 10° x sin 30° 
=4x5x10° xii Nm 


Potential at a point P, 


Work done in| bringing the charge, 
W-qV-2x10?x4x10* 
=8x10°J 
As electrostatic field is conservative, work done 
does not depend upon path along which the 
charge is brought. 


4455 


The phenomenon of making a region free from 

any external electric field is called electrostatic 

shielding. It is based on the fact that electric 
field vanishes inside the cavity of a hollow 
conductor. 

Applications of electrostatic shielding : 

(i) In a thunderstorm accompanied by 
lightning, it is safest to sit inside a car, rather 
than near a tree or on the open ground. 
The metallic body of the car becomes an 
electrostatic shielding from lighting. 

(ii) Sensitive components of electronic devices 
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are protected from external electric 
disturbances by placing metal shields 
around them. 

16. When a non-polar dielectric is placed in an 
electric field, the negative and positive charges 
shift in opposite directions. As a result the 
dielectric develops induced dipole moment. This 
phenomenon is called electric polarization. 
‘The induced dipole moment per unit volume is 
called polarization density. 

OR 
Given, q4 = qp = 6x 10°C 
When uncharged sphere Cis brought in contact 
with sphere A, then the charge on A or Cis 


, _ Charge on A+ Charge on C 

na IN 
(6x107 +0) 

Se 0S 


When charged sphere C is brought in contact 
with charged sphere B, then the charge on 
sphere B or Cis 

, (6x105 +3x10%) 
qg = 2 

New force between spheres A and B is 

1 quad 9x10 x3x10*x45x10* 


-45x10*C 


F- = 
4n p (0.6)? 
7 
= 9x3x4.5x10 234x107N 
0.36 


17. (i) In parallel combination, equivalent 
capacitance, C = C; + C; + C4 


234343- OUP 
(ii) In series combination, equivalent 
capacitance, 
1 1 1 1 
==- +-+- =+ 
CO GQ 3°33 
or C-lgF 


(iii) Two capacitors should be connected in 
series and the third in parallel with the 
series combination as shown in figure. 


[o] e 
m 1L 
u u 
3 uF Emi 
= G = 
m 
u 
3 uF 
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C. 3x3 
C= aC +C,=—— +3 
C +C, 6 
-21543-45guF 


18. Here, q = Ze = 78x 16x 10? C 
Potential gradient at a point is numerically 
equal to electric field at that point, 
hes dv. = E=—4_ 
dr Ame yr” 
Atr=10°? m, 
dV, 9x10 X78Xx1.6x10? 
dr (1072 
= 1,123 x 107 V m! 
Atr25x 107 m 
q | 9x10 x78xL6x10? 


(5x10 75) 


aner? 
=4.5x 10 V m” 


19. The electric field due to a point charge q at 
1 q 

Ame, r? 
Clearly, the magnitude of field E will be same 
at all points on the surface of a sphere of radius 
r drawn around the point charge and does not 
depend on the direction of 7 . Hence the field 
due to a point charge is spherically symmetric. 
Electric field at distance r on the equatorial 
line of an electric dipole of dipole moment p is 
l P 

4ney (ahy 

The electric field E is same at all points which 
lie on a cylinder of radius r with its axis on the 
dipole axis and the field pattern looks same in 
all planes passing through the dipole axis. We 
say that the electric field of an electric dipole is 
cylindrically symmetric. 


distance r from it is given by E = 


given by E= 


20. (a) The human body is a conductor and as 
such it becomes an equipotential surface while 
standing on the Earth in its electric field. 

(b) Total charge on the Earth's surface, 
Q = cA = (ey E (4nR?) = Ane ER? 
-24x3J4x 8.85 x 107 x 
100 x (6.37 x 106)? 
=4.51x 10°C 
This charge is negative as E is directed vertically 
downward. 


(c) Number of copper atoms in 3.10 g of 
copper, i.e., 


1 
N=6,02x10" x EJ = 2,94 x 10? 
63.5 


Number of electrons in the copper coin, 
n=29N 
= 29 x 2.94 x 10” = 8.53 x 10° 
Total charge in the copper coin, 
Q = 8.53 x 10? x 1.6 x 10? 
37x 10°C 
. Q _ 451x10" 
Q' 137x10" 
= Q=3.30 
‘Thus, total charge on the surface of the 
Earth is only 3.3 times the total charge of 
all the electrons in a single copper coin. 
21. (a) Given q; = +7 WC, q = -2 uC and 
ry2=9+9= 18cm 
So electrostatic potential energy of the system is 


6 yp 6 
1 dd; Qu 199 210° x 210 
AME) fh; 18x10 
U=-0.7J 
(b) W=AU=U,,- U=0-(-0.7) 
or W=+0.7J 
(c) E-Axl or A yd 
r dr E 


or dV =-A x} -dr 
r 


Integrating it on both sides, we get 


EU 


r r 
The mutual interaction energy of the two 
charges remains unchanged. In addition, there 
is the energy of interaction of the two charges 
with the external field and hence the net 
electrostatic energy is 

U= qV(r) + Vira) + —H — 
AME gr 15 


or 


or 


Note: If we take =- 
x 


yo tA, BA, 44. 
T, h AME or, 
_ 7X10 x9x10 
0.09 m 
-2x10* 5 
22x10% 9x10" 4, 
0.09 
U=70-20-0.7 or U=49.3J 
+e A te [23:527 
o UMS ENE $ 


Let the third point charge (say q) be at a 
distance x from +4e as shown in figure. 
Since the distance between +4e and +e is a, 
distance between q and +e = (a - x) 

For q to be in equilibrium, 

force between q and +4e, = force between q 
and +e, ie, F,- P; 


x4 x 
or y, 08 Z ? 4 = 
x (a— x) 
4 1 
or == or 
x (a-x)* 
2.1 
P taza) eee 
2a 
or aed 


Thus, q should be at a distance of 2a/3, 
from +4e charge. 
1 


(a-x) 


» x = 2a, which 


is not feasible. This is because the point P for 
equilibrium lies on the right side of +e at a 
distance 2a from +4e (or a from +e). In this 
case, F, and F, are in the same direction and 
their resultant (Ñ  F,) cannot be zero and as 
such equilibrium is not possible. 

(b) The moisture allows some of the charge to 


23. 


leave the balloon. 


A line passing through the positive and negative 


charges of the dipole is called the axial line of 
the electric dipole. 


n DNE A B E 
4 o 4 Q Ps 
M— — 2a — —»«— (r- a) — 
El 
Sa 
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Consider a point P on the axial line of a dipole 
(situated in a vacuum) of length 2a at a distance 
r from the midpoint O as shown in figure. 
Electric field intensity at P due to -q charge at 
A, ie. 
kt =k, 1, 

AP (ray 
It is presented in magnitude and direction by 
PQ, ie, E. Electric field intensity at P due to 
+q charge at B, i.e. 


(r-a 
It is represented in magnitude and direction by 
PR, ie. E. 
Let É be the resultant electric intensity at P 
According to the principle of superposition of 
electric fields, 

E=3,+é, 
Since E, and É, act in opposite directions, the 
resultant electric intensity (E) at P due to the 
dipole is represented by PS. 
Clearly, as le > |B. 


q q 
E-E,-E =k —L—- 

2O 1 ay? zi 
zs 


r-a} 4ra 
2 2 |^ 4 a 
(r-a) (ray (r^ =a") 
x 2x2qaxr 2pr 
or B=k,——> =. 
: "(i.q -aY 
Since E and P are in the same direction, 
2pr _ 1 2pr 
"(3-4 AM (r-a?) 


24. (a) Here, Cy = 0.088 A, C = 0.330 pF 


C 0.330 
TUE ,K,2——2——237t 
Dielectric constant, K, Co 0.088 
(b) Here, Ey = 5000 V m^! 
he K- 
E EE, 


K, Ey - K, Ej = E 
or (K,-1) E= K, E; 


or E- Dg 
r 
(3.75-1) 


2057 x(5000 Vm) 
3.75 
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25. 


E,- 3667 V m! 
OR 


Here, number of small drops, n = 27 
Let r= radius of each small drop 
R = radius of the bigger drop. 
Since volume of bigger drop = volume of 


27 small drops, 
iei) 
E 3 


or R*=27r = (3r)' or R= 3r 
As capacitance of a sphere is directly 
proportional to its radius and radius of the 
bigger drop is three times the radius of a small 
drop, 
capacitance of bigger drop = 3 times capacitance 
of a small drop. 
If q is the charge on each small drop, then 
potential of each small drop, 

Vs=k, 1 (i) 


r 
Total charge on the bigger drop, Q = 27q 
Potential of the bigger drop, 


Vp=k, Q =k, T loy, (Using (i) 
RO 

Hence, the potential of the bigger drop is 

9 times the potential ofa small drop. 


(a) Equipotential surfaces 
for a system of two 
identical positive point 
charges placed a distance 
dapartas shown in figure d 
below. 

(b) Work done in bringing the charge q, from 
infinity to 7, against the external electric 
field 


Wi =q V(r) 
Work done in bringing the charge q, from 
infinity to ř, against the field 


W2 = 42V(r2) 
Work done on qz against the field due to q; 
2405 
* Ame gry 


where rj) is the distance between q; and q;. 
Potential energy of the system 
=Wi+ W+ W; 
-qV(n)*q;V() NL 
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26. 


27. 


Gauss’s theorem : Surface integral of electric 

field or electric flux over a closed surface is 
1 

equal to a times the net charge enclosed by 


o 
the surface. 


Given : An infinite plane sheet of charge of. 
surface charge density o C m ?. 

Assume a cylindrical Gaussian surface passing 
normally through the sheet. Let the area of 
cross-section of the cylinder be ds. 


> 
a E 
* 
r 
(sa e em 
ods 
Le otal + + + 
+ $ 
fs + + + 
pomis sd LESER oe 
ñ m 
Hñ 
* 
F1 
YVE 
ñ 


Total charge enclosed by the surface of the 
cylinder, = ods 
Total flux through Gaussian surface, 

Qr = 2Eds (i) 
Flux through curved surface of the cylinder is 
zero, because at each point on curved surface 
electric field vector is perpendicular to the area 


vector, 
4 f ods 
According to Gauss’s theorem ġ; = ra 
From (i) and (ii) : 
2Eds = pes “ E= 
Eo 26, 
Electric field intensity at a point is independent 
of its distance from the charge sheet. 
Principle of capacitor A -J8 
: A capacitor works on 
the principle that the 
capacitance of a conductor 
increases appreciably when 
an earthed conductor is 
brought near it. 


aii) 


28 


aceon 
1 
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28. 


29. 


30. 


A parallel plate capacitor consists of two 
metallic plates A and B separated by a distance d. 
Let plate A be given a positive charge q. 

When an earthed plate B is brought near it, a 
negative charge (-q) is induced on the inner 
side and a positive charge (+q) is induced on the 
outer side of plate B; due to being earthed the 
charge +q induced as B is transferred to earth, 
so due to presence of (-q) charge on plate B, 
the potential of plate A is appreciably reduced, 
so capacitance of conductor A,C=— is 


appreciably increased; thus a parallel capacitor 
has two metallic plates having charges +q and 


(i) Electric field at points between the two 


plates = 
£o 
(ii) Potential difference between the plates is 
v=Ed= 94 
£o 
(iii) Capacitance of the capacitor so formed is 
Cs SA 
d 


Refer point 11 Page No.17 (MTG Excel in 
Physics). 
OR 
(a) Refer point 1.4 (4) page No. 6 (MTG Excel in 
Physics). 
(b) Refer point 1.4 (5) Page No. 6, (MTG Excel 
in Physics). 
(a) Refer point 1.5 (5) Page No. 8 (MTG Excel 
in physics). 
(b) Refer point 1.5 (8) Page No. 8 (MTG Excel in 
physics). 
(c) Refer point 1.5 (11) Page No. 9 (MTG Excel 
in physics). 
OR 
Refer point 1.8 (4) Page No. 13 (MTG Excel in 
physics). 
Refer point 1.5 (10) Page No. 9 (MTG Excel in 
Physics). 
OR 
(a) Refer point 1.5 (12), Page No. 10 (MTG 
Excel in Physics). 
(b) Refer point 1.11 (7) Page No. 16 (MTG Excel 
in Physics). 
mm 


YQU ASKED 
WE ANSWERED 


Do you have a question that you just can’t get answered? 
Use the vast expertise of our mtg team to get to the bottom 
of the question. From the serious to the silly, the controversial 
to the trivial, the team will tackle the questions, easy and 
tough. 

The best questions and their solutions will be printed in this 
column each month. 


Q1. How will you change a digital circuit to a 
analogue one, and a analogue to a digital 
one? Priyadarsi (W.B.) 


Ans. Analogue and digital concept in the simplest 

form can be explained like this. When one 
measures the blood pressure of a person, 
the height of mercury which is reflecting the 
pressure in the veins fluctuating like heart 
beats is in the analogue form. If the readings 
are taken quantitatively, it is digital. 
But the answer, how to convert digital 
to analogue and analogue to digital in 
instruments is this. Every counter and 
spectrometer and other instruments give the 
results in both, But how to convert is taught 
to you when you are working in electronic 
engineering. These will not be given by the 
instrument makers because each one has 
a method of his own. They will not share 
the secrets. You can learn the principles in 
colleges but the actual way it is done will be 
learnt when you join the establishments. 


Q2. What is the path of the moving leaf falling 
from a tree and what is its velocity? 
- Mahesh Bhatt Pithoragarh (Uttarakhand) 


Ans. One cannot predict the path of a falling leaf 
because it depends on the force due to the 
wind, gravitation and the variation of the 
shape. 


This is the reason why in learning in 
laboratories, every force is defined both in 
direction and magnitude. 


Ans. 


Q4. 


Ans. 


Even in the manufacturing of planes, the 
wind tunnels with a particular direction of 
wind under controlled conditions are used 
for understanding the effect of wind. 


Current can pass through a wet wood but 

not through a dry wood why? 

Is there any role of water? If the wood is 

dipped in alcohol then what is the result? 
- Komal Mohanty Kazidhia (Cuttack) 


Dry wood is an insulator. Wet wood conducts 
electricity. 

If wood is dipped in alcohol, alcohol catches 
fire. Therefore the wood will burn faster. 


What exactly would happen to the solar 
system if the Earth’s gravitational force 
suddenly vanishes ? 

- Rahul Roy Chowdhury (W.B.) 


The Earth has mass, just like every other 
solid object does. It is the Earth's mass that 
causes it to have gravity, and so in order to 
not have gravity the Earth would have to not 
have mass. But if the Earth didn't have mass, 
it wouldn't be there anymore! 

If the Earth's gravity vanish then things not 
attached to Earth is any other way would fly 
off into space in a straight line that would 
takes them away from the surface ofthe Earth. 
The earth's atmosphere itself would also float 
off into space. The Earth itself would most 
likely break apart into chunks and float off 
into space, since it is held together by gravity 
only. So Earth as such will no more be a part 
of solar system if Earth's gravitational force 
vanishes. 
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3x EJUS MUSING 


SOLUTION SET-10 


) 


3. 


(a,d): Since, there is a node at a distance a 
from one end, 3 


(i) 
Duro ae c 


Minimum no. of nodes - 2 
(ii) 
L/3 2L/3 
Next higher no. of nodes - 5 
For case (i) Ay = =, 
therefore, fundamental frequency, o, =+ = 2 
M 2L 
where v is velocity of waves in the string 
I 
(a, b, d) : Given: P = 4.84, D - 96cm 
2 
484a, h=a 
TI, =2.2a 
22a 11 


Required ratio = — = — 
(a) Required ratio - 7^ - 5 


Let h = 


wn (i) 


v+u=96 a (ii) 
From equations (i) and (ii), we get, 
LA 96 
11 
= v=66cm and u - 30cm 
Distance between two position of the lens = v - u 


SV 
V+—=96 => 
11 


=66 - 30 = 36cm 
pad _30+66 
© x3 
F 66 30 30x66 
30x66 330 
— RS see = SP 2625 cm 
16 
ed 


(abc, d): B5 
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4. 


(a, c, d) : Considering the two point masses 
and bar as system, 
P.=0 
V.=0. 
By conservation of angular momentum, 
we have, Li = Ly 


8m(6a)? 


2mm+mx2vx2a = +2ma? +m(2a)? o 


On solving, we get 


v 
o=— 
5a 


Now, E= lp? - lyaoma? xa? =m? 
2 2 5 
(b, c) : Work done by the spring on block 
= loss in spring potential energy 
=la? 1 jp? = Liye? -0?) 
2 2 2 
‘This is also work done against friction = umg(a + b) 
1 la? -p2 
HORN 


så ec (cl 
Heurn Img”) 


1.01 
SS 100 


: 1.50 
nm = i 


According to Snell's law, 


usinð = 1.6usinx 


8. 


sinx =F gine 
8 


n 
(b): Q= f car 
T 
nT, 
- Í 2 ar aint -ann 
ie To 


AU - CyAT =— (n -11 («e 


y-1 
w=9-au=alnn-| "ter, 


Volume 1 
Volume 2 
Volume 3 
Volume 4 
Volume 5 
Volume 6 
Volume 7 
Volume 8 
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9. When outer surface is grounded charge '-Q' where Fy = 3N 


resides on the inner surface of sphere ‘B’. 
M " T dx |Ry -kt 
Now sphere 'A' is connected to earth, potential Now, v=,/— = —=,/~—— 
m dt m 
D 


on its surface becomes zero. 


Let the charge on the surface A becomes q i 15 T 
HE es dein a ae ee 
a b b | d y 
In this position energy stored 1 2 ERU 
p xe | Lee ca t ] 
Eu [2] + o rd [ga] 
8negalb 8nEgb 4negblb | 


-— (h -ktg - Fy ek)? 


kn 


When 'S;' is closed, total charge will appear on 


the outer surface of shell ‘B 


3/2 
In this position energy stored = (5) (Using (i)) 
1 (a Ya -3kVm\ k 
nes (i-i jo 
8neo bib L=—2 gn 
Heat produced = E; - E; -3kdm ° 
Q? a(b-a) 
p i | su Ho 2 |3x3x3 
2 UC 31Ym 3x1V3x102 
10. Time taken by the pulse to reach from P to Q, 
i i 2x3 
DERI A) = =20Ns™ 
aan 3x01 B 
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Thought 


Provoking 


Two balls are thrown towards each other, ball A 
at 16m s`! upward from the ground and ball B at 
9 m s^! downward from a roof 30 m high, one 
second later. (a) Where and when do they meet? 
(b) What are their velocities on impact? 


Acircular wireframe 

is fixed in a vertical Al 

plane. A smooth 

wire is slightly 

stretched between 

points A and B. A h 

bead slides from the 

point A, the highest 

point of the circle. 

Determine (a) its velocity v when it arrives at 
B, and (b) show that time to slide along any 
similar chord is same. 


A point A moves uniformly with a velocity 
v in such a way that direction of its velocity 
continually points at another point B, which in 
turn moves along a straight line with a uniform 
velocity u(u < v). At the initial moment u and v 
are separated by a distance /. How soon will the 
points meet? 


A gun is fired from a moving platform and the 
rangesoftheshotareobservedtobe Rand Swhen 
the platform is moving forward and backward 


By : Prof. Rajinder Singh Randhawa* 


respectively with velocity V. Prove that the 


2 
elevation of the gun is tan ! [am 
AVR S) 
A boy is Yer-V 
riding on a 
flat car of a 60°) 
train moving 
with velocity oo ms? 
10m s-!. The 
boy throws 


a ball which according to him makes an angle 
60° 

with the horizontal and in line with the track. 
An observer on the ground observes the ball 
to rise vertically, How high does he see the ball 
rise? 

A small sphere of mass m is released from rest in 
a large vessel filled with oil where it experiences 
a resistive force proportional to its speed, i.e., 
F4 = - kv. (a) Find the law according to which 
the ball's speed varies. (b) After a certain time 
the sphere reaches a terminal speed, find it. 
(c) Time constant is the time it takes the sphere 
to reach 63.2% of its terminal speed, find it if 
m = 2 g and terminal speed is 5 cm s. 
(d) Determine the time it takes the sphere to 
reach 9096 of its terminal speed. 


“Randhawa Institute of Physics, S.C.O. 208, First FL, Sector-36D & S.C.O. 38, Second Fl, Sector-20C, Chandigarh 
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SOLUTIONS 


1. 


(a) Let A is in motion for time t s, then B has 
been in motion for time (t - 1) s. 


B 
tome! 
30m 

ju ms! 
A 

Distance travelled by ball A in t s, 

Ja = 16t - 4.902 wi) 

Distance travelled by ball B in (t - 1) s 
Ynp7 9(t- 1) € 49(t - 1? (ii) 


When they meet, y4 + yg= 30 

i.e. 16t - 4.90 + 9(t — 1) + 4.9(t - 1)? = 30 

On solving we get t = 2.24 s 

From equation (i), y4 = 11.3 m. 

and from equation (ii), yg = 18.7 m 

Therefore, the balls meet 2.24 s after ball A is 
thrown and at 11.3 m from the ground. 
(b) v4 = 16 + (-9.8)t 

and vg = 9 + (9.8)(t - 1) 

Now put t = 2.24 s in equation (iii) and 
equation (iv), we get 


vp 


Acceleration of bead along wire, a = gcos0 


gcos0 gsinð 
8 
(a) From, v? - i? = 2as 
v? = 0?  2(gcos0)(2Rcos0) 
or v-2JRg cos0 


v 
(b) Fromv=u+at=O+at or t=— 
a 


.24RgcosÓ — 


R 
gcos0 g 


which is independent of 0, thus time to slide 
along any chord is same. 


x ucosb 
B 2e ju 


When A meets B in time T, separation is 
decreased by 


f; w- ucosodt=1 NO 


In time T distance moved by B = uT. 
Since A catches B its displacement along 
x-direction must be same as that of B. 


B-f? vcostdt -uT wii) 


T uT 
or f, esate 


(iii) 
Put equation (iii) in equation (i), we get 
vr) or T=5 


id v= 


vl 
2 


Consider u and v be the horizontal and vertical 
components of the velocity when the platform 
is at rest. When the platform is moving forward, 
the resultant velocity is (u + V) and vertical 
velocity is v. 
‘The range is given by 
2(u- V)v 
R=—— (i) 
8 
When the platform is moving backward with 
velocity V, then range is 
Se 2(u- V)v 
r4 
From equations (i) and (ii) 


ii) 


Riss and tss 2 
g 


(R-S) 16V? v?/g? av 
(R+S) 4uvig ug " 

If wis the angle of projection, then tang =—, 
u 
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R-S? av? g(R- S) 
or - tana . tang s ———— 
(R+5) g 4V? (R+S) 
R-S} 
or o=tan! g 
4V?(R+S) 


‘The velocity of the ball with respect to the train 


Since the ground observer sees it to move 
vertically 

Ögr =Vg-Vp Or Vg =Vpr thy 
Since the ball moves in the vertical direction 
its X-component of velocity w.r.t. ground must 
vanish. 

Vax = -vcos60? + vp — 0 -«() 
and Y-component of velocity of ball w.r.t. 
ground, vgy = vsin60° 

es A 

From 0), "reg 7 1/2 


45 d 


d com 
VBy 203180207... ms 


Maximum height reached by ball as seen by 


ground observer, 
2 
Gr 


Lay 2 
2g 2x98 
h=15.30m 


(a) Force on the sphere = mg - kv, 
where k is a constant 
acceleration of the ball, 


We ye 
d 5 m” (i) 
-d 

or y --a - 
mg m (ii) 
k 


Integrating both sides, 
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n("8-y)=-Arec (iii) 


If v = 0 at t = 0, equation (iii) gives 


C-I 7€ 
k 


Put C in equation (iii), we get 


la mglk-v Seky 
mg/k m 


or ve E q-e) Gy) 


m, " 
where T= * is called time constant. 


(b) When the particle reaches terminal speed, 
the acceleration of the particle becomes zero. 
Then particle continue to move at constant 
speed called terminal speed. 


mg-kvw or v UE 


2x980 
(c) lis -392gs 
Vs 
m 2 
Time constant, tT=— =—— 
k 392 


or 1-50 x 10s 
(d) Speed of the particle as a function of time 
is given by equation (iv), 


vey, ü- e" 
or 090v, = ¥,(1-e"/*) 
1-6! 2090 — e/*=0.10 


Taking log, we get In(0.10) = -2.30 


or t= 2.300 
t= 2.30x 5.10 x 1022 11.73 x 10? s 
mum 


NCERT Xtract coma. from page n 


25. 


26. 


12.3 12.3 
= ott pu 23 peas 
100 10 
Ce V= 100 V) 


Now, wavelength of light, 4 = A, = 1.23 A 
dð =9 x 10° rad. 
Aperture of telescope, 
122A 122x123x10" 
dd 9x10? 
70.0167 m = 16.7 mm 
(b) : Let I be intensity of incident light, then 
the intensity of light emerging from the first 
polaroid, 


D= 


l 
l= 2 
Initially, the two polaroids are crossed to each 
other i.e. 0; = 90° 
Let the polaroid be rotated by angle 0, then the 
angle between polarising directions is 90" - 0 
Now, intensity of light emerging from the 
second polaroid, 


I, - I, cos’ (90? —0) =*heos'(90°- 6) 
lo 
Also, 1, =25% of I, =a 
Is 4 
= = cos? (909 — 0) 
2 
= cos?’(90°-0)= 
or cos(90° —0)- — = cos 45° 


v2 


or 0=90°- 45° = 45° 
(a) : The figure shows incidence from water at 
critical angle 0, for the limiting case. 


Now, sin0, 


=i 
(i -)^ 


From figure, tan0, = n 


tan, = 


where r is the radius of the disc. 
‘Therefore, diameter of the disc is 


27. 


28. 


29. 


30. 


2h 
wen 
(c): According to Brewster's 
law, the light reflected from the 
top of glass slab gets polarised 
as shown in figure. 
The light refracted into the glass 
slab and thelight emerging from P 
the glass slab is only partially 
polarised, Therefore, when a polaroid is held 
in the path of emergent light at P, and rotated 
about an axis passing through the centre and 
perpendicular to plane of polaroid, the intensity 
of light shall go through a minimum but not 
zero for two orientations of the polaroid. 


2r -2htan, = 


(a) : When the final image is formed at least 
distance of distinct vision d, magnifying power 
of the telescope is 


eese) 


= 28[1 + 0.2] = 28 x 1.2 = 33.6 

! i 1.22% 
(a) : Resolution of pinhole camera = "un 
Here d is the diameter of the pupil. 
Separation of objects 


Also, Resolution = 
Distance of object 


122A _ 1mm 
A R 
1.22x500x10° 1x10? 
3x10? R 
= R=5m 


(a) : Here, angular resolution of human eye, 
=5.8 x 107! rad 
The linear distance between two successive dots 
in a typical photoprinter is 
12 293 om - o gaxcto cm. 

300 
At a distance of z cm, the gap distance / will 
subtend an angle 
l 084x107 cm 


l 
o=— ^ z=- 
Zp "à 5.8x107 


=14.5cm 
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